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A platelet aggregation inhibitor useful as an antithrombotic is provided which consists of a synthetic cyclic pentapeptide 
containing the tripeptide sequence Arg-Gly-Asp and a thioether linkage in the cycle. A preferred platelet aggregation inhibitor is 
represented by formula (I), where Rj and R$ are OH; R2, R4, R5,.R$,.R7,.R 8 _and R^ are hydrogen;^ and R4 are joined to 
form a pyrrolidine ring; X is sulfur; m is 1 and n is 3. 
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SMALL CYCLIC PLATELET AGGREGATION INHIBITORS 

5 Held of the Invention 

The present invention relates to inhibitors of platelet aggregation. Specifically, the invention is 
directed to antagonists of the final common pathway of platelet aggregation and that as potent antithrombotics. 
The invention further relates to therapeutic applications of these Inhibitors in diseases for which Mocking of 
platelet aggregation and intracellular adhesion is incficated 
10 BadgioundofthelnvenOon 

Platelets are particles found in whole blood which participate in the process of thrombus formation and 
blood coagulation. A membrane bound glycoprotein, commonly known as GP Ibllta, is present on the exterior surface 
of platelets. Glycoprotein llbllla is a non-covalent, calcium ion dependent heterodimer complex composed of alpha 
and beta subunits (Jennings, et a!., J. Bbl. Chem. (1982) 257, 10458). These glycoproteins contribute to normal 
15 platelet function through interactions with proteins containing the amino add sequence Arg-Gly-Asp, such as 
fibrinogen. The interaction of GP llbllla with fibrinogen is stimulated by certain factors released or exposed when 
a blood vessel is injured. Multiple factors, including a variety of physiologic sfimufi and soluble mediators, initiate 
platelet activation via several pathways. These pathways have a common find step which is the activation of the 
GP llbllla receptor on the platelet surface and its subsequent binding to fibrinogen followed by aggregation and 
20 thrombus formation. By virtue of these interactions GP llbllla is a component of the platelet aggregafion system 
(Pytela et aL, Science (1986) 231, 1559). Thus, inhibition of the interaction of GP llbllla with Arg-Gly-Asp 
containing figancb such as fibrinogen is a useful means of modulating thrombus formation. An inhibitor which 
prevents this ttncfing interaction would antagonize platelet activation by any stimulus and therefore would have 
important antithrombotic properties. 
25 Many common human disorders are characteristically associated with a hyperthrombotic state leading to 

intravascular thrombi and emboD. These are a major cause of medical morbidity, leading to infarction, stroke and 
phlebifis and of mortality from stroke and pulmonary and cartfac embofi. Patients with atherosclerosis are 
predisposed to arterial thromboembolic phenomena for a variety of reasons. Atherosclerotic plaques form niduses 
for platelet plugs and thrombii that lead to vascular narrowing and occlusion, resulting in myocardial and cerebral 
30 ischemic dsease. This may happen spontaneously or following procedures such as angioplasty or endarteroectomy. 
Thromba that break off and are released into the circulation cause infarction of different organs, especially the 
brain, extremities, heart and kidneys. 

h addition to being involved in arterial Swombosis, platelets may also play a role in venoi^ ttrombosis. A 
large percentage of such patients have no antecedent risk factors and develop venous thrombophlebitis and 
35 subsequent pulmonary emboli without a known cause. Other patents who forni venous thrombi have underlying 
diseases known to predispose to these syndromes. Some of these patients may have genetic or acquired 
deficiencies of factors that normally prevent hypercoagulability, such as antithrombin-3. Others have mechanical 
- ; obstructions to venous flow, such as tumor masses, that lead to low flow states and thrombosis. Patients with 
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malignancy have a high incidence of thrombotic phenomena for unclear 
situation with currently available agents is dangerous and often ineffective. 

Patients whose blood flows over artificial surfaces, such « prwttiefic synthetic ca^^ 
through extracorporeal perfusion <^ces. are also at risk for tte^ 
5 emboli. It is standard practice that patients with artificial cardiac valves be chronically anti-coagulated. 
However.in all instances, platelet activation and embofi fonnafionm^^ 
• treatment ' 

Ttius, a lar^ category of patients, irdudin^ 
artificial heart valves, cancer, and a Wstory of stroke, phtet^ 
10 chronic antithrombotic therapy. The number of available therapeutic agents is limited and these, for the most 
part, act by inhibiting or reducing levels of circulatirg dotting factors. These agents a^ 
against the patient's underlying hematologic problem, when often concen^ 
. aggregation and adhesion. They also cause the r^tient to be suscepti^ 

antiplatelet agents, such as aspirin, inhibit only part of the platelet activation process and are therefore often 
. 15 inadequate for therapy. 

An agent which effectively inhibits the final common pathway of platelet activation, namely fibrinogen 
binding to the GP Ubllla receptor, should accordingly be useful in a targe group of disorders characterized by a 
hypertfrombotic stale as described ar»ve. Thepresemirw^ 
composition, namety a cyclic polypeptide consi^ 

acids. This new composition Interferes with the interaction of Arg-Gty-Asp containing peptides, particularly 
fibrinc^ wim the GPIJblta Platelet aggregation has been 

identified as an early step in the formation of platelet plugs, embofi and thrombi in the circulatory system which in 
turn have been shown to play an active rote to ranSovascUar complications and dsea^^ inhibition of fibrinogen 
bincSng to the GP Itbllia complex has been shown to be an effective antithrombotic treatment fn animals (H. K. 
(fcU.etaL.Crcu^^ 
etaL, Blood (1986) 68. 783-786.) 

Other proteins such as fibronectin contain the ArgHay-Asp sequence of amino acids. Large polypeptide 
fragments of fibronectin have been shown to have activity for cell attachment to various surfaces which has been 
disclosed in U.S. Patents 4.517.686; 4,589.881; and 4.661,111. These targe polypeptides contain the amino acid 
sequence Arg-Gly-Asp-Ser in the interior portion of the polypeptide chain. Short peptides derived from the 
large polypeptides were also found to promote cell attechment to various substrates wn^ 
substrate. Alternatively, the same short peptides were found to inhibit eel attachment to the same substrates 
when dssdved or sijspended to themes This activrty has been disclosed in U5. 

Patents 4378,079, 4,614,51 7 and 4,792^25. The short peptides were defined as v 

35 Q-Arg-Gly-Asp-AA1-B 

where Q is hydros a an amir»ack^^ ^ 
discussion of cycfrztng these short peptides is presented. 

A number of synthetic peptides, including cyclic disulfides, have been disclosed as inhibitors of 
fibnn °g en twfoQ *> Platelets all of which contain the Aro-Gly-Asp sequence. See U.S. Patent 4,683,291 : 
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WO89/05150; EPO 0 319 506 A2; EPO 0 341 915 A2; Plow et aL, Proc. Nat Acad. So. USA (1985) 82, 8057- 
8061; FUiggeri et al. f Proc NatL Acad. Set USA (1986) 83, 5708-5712; Haversfick et aL, Blood (1985) 66, 946- 
952; Plow et aL, Stood (1987) 70, 1 10-115; F. B F. AH, et al., Proc. Eleventh Amer: Peptide Symp. (1990) 94-96; 
M. Pierschbacher and E Ruoslahfi, J. Biol. Chem. (1987) 262, 17294-17298; and references cited in the above 
5 publications. 

Several synthetic cyclic peptides containing the thioether linkage have been synthesized. Gere et al., 
Bbchem. Biophys. Res. Comm. (1 984) 120, 840-845 describe a pseudohexapeptide analog of somatostatin where 
. . the group [CH2-S] is substituted for a peptide bond. Similarly, Edwards et aL, Bbchem. Biophys. Res* Comm. 

(1986) 136, 730-736 compare the biological activity of linear and cyclic enkephalin pseudopeptide analogs 
10 containing the thiomethylene ether finkage. Other enkephalin related pseudopepfides and macrocycles containing 
the [CH2-S] substitution for peptides have been described, Spatola et aL, Biopolymers (1986) 25, 229-244 and 
Spatola et al., Tetrahedron (1988) 44, 821-833. 

None of these references disclose a small cyclic peptide rontaining a stable ring stru^ . 
platelet aggregation inhibition activity. 
15 Accordingly, it is an object of this invention to produce a smaO cyclic peptide having high platelet 

aggregation inhibition activity. It is a further object to produce such small cyclic peptides that are stable to ring 
opening. It is still a further object of this invention to provide a platelet aggregation inhfcitor having a long in vivo 
lifetime. 

These and other objects of this invention wB be apparem from consideratfon of the invention as a 
20 Sunrcnaiy of the Invention 

The objects of this invention are accomplished by provocfing a small cyctic peptide contairang the 
tripeptide sequence Arg-Qy-Asp and cxjntairt 

Preferably, the cyclic peptide has about 5 amino acids forming the ring of the cycle. More preferably, the ring of 
the cyclic peptide contains from about 17 to about 18 atoms, most preferably 18 atoms. 
25 Also preferably, the ring will contain a D amino add most preferably linked to the Arg of the tripe ptide 

sequence. 

The preferred and most preferred compounds of the instant invention are represented by Formulae I 
and la below. 

The invention in its broad aspects relates to peptide derivatives which are useful as inhibitors platelet 
30 function mediated by the GP Ibllla receptor and for the prevention of thrombus formation. Preferred compounds 
of this invention are represented by Formula I: 
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15 



20 



25 



wherein 

Rl and Rg are the same or different and are selected from 
hydroxy, 
Ci-C8 altoxy, 
C3-Ci2afcenoxy, 
C6-Ci2aryloxy f 

dnCi-C8 alkylamino^i^s-aBcoxy, 

acylamina^i-CB-allco^ selected from the group acetjteminoethoxy, rfcofinoyiaminoelhoxy, and 

suociramidoethoxy, 
pivabybxyethoxy, 

C6-C12 aryl-Ci-Cs-alkoxy where the aryl group is unsubstituted or substituted with one or more of 

the groups nftro. halo (F, CI, Br, I), Ci-C4-aDcoxy t and amino, 
hydnoxy-C2-CB-alkoxy f 
dihydnoxy-C3-C8-alkoxy, and 

NR10R1 1 wherein R10 and R1 1 are the same or different and are hydrogen, Ci^^kyl. C3-Cs-a!kenyl, 
C6-Ct2-aryl where he aryl group is unsubsfituted or subsfituted with one or more of the 
groups 

nitro, halo (F, CI, Br, 0, Ci-C^-alkoxy, and amino, C6-Ci2-aryl-Ci-C8-a!kyl where 
the aryl group is unsubstituted or substftutedty one or more of the groups nitro, 
halo (F, CI, Br, I), Ci-C^alkoxy, and amino; 
F*2. R3. R5. R& R7. R8 are the same or different and are selectedfrom 
hydrogen, 
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C6-C12 aryl where the aryl group is unsubstituted or substituted by one or more of the groups nitro, 
hydroxy, halo (F, Q, Br, I), Ci-Cs alkyl, halo-Ci-Cs alkyt, Ci-Cs-alkoxy, amino, phenyloxy, 
phenyl, acetamido, benzamido, di-Ci-Ca alkylamino, Ct-Cg aikylamino, C6-C12 aroyi, Ci-Cs 
aDcanoyl, and hydroxy-Ci-Cs akyl, 

C1-C12 afkyt either substituted or unsubstituted, branched or straight chain where me substituents 
are selected from halo (F, CI, Br, I), 
Cj-Csaikoxy, 

C6-C1 2 aryioxy where the aryl group is unsubstituted or substituted by one or more of the 

groups rtitro, hydroxy, halo (F, CI, Br, I), C1 -Cg alkyl, C1 -Cg-aitoxy, amino, 

phenyloxy, acetamido, benzamido, d-Ci-Cs aikylamino, Ci-Csaikylantino, 

C6-C12 aroyl, and C1-C8 atanoyl. 
isothfoureido, 

C3-C7 cycioalkyl, • • ' ' 

; ureido, * v 
■ anwt), 

Ci-C8akylamino, 

di-Ci-C8 aikylamino, 

hydroxy, 

amino-C2~C8 aikyithk), 
amino-C2-C8 alkoxy, 
acetamido, 

benzamido wherein the phenyl ring is unsitotitutedorsifcstitutedbyoneormoreof the 

groups nitro, hydroxy, halo (F, CI, Br, I), C1-C8 alkyt t Ci-Cg-aikoxy, amino, 

phenyloxy, acetamido, benzamkto, ^ 

aroyi, and C1 -C8 akanoyl, 
C6-C1 2 aryiamho wherein the aryl group is unsubstituted or substituted by one or more of 

the groups nilro, hydroxy, halo, Ci-Cs alkyl, Ci-Cs-alkoxy, amino, phenyloxy, 

acetamkto, ben^ido, cfi^Ke aikylamiTO^ 

Cj-Caalkanoyl, 

guarudino, 

phthaiimido, 

mercapto, 

Ci-Cealkylthio, 

C6-C12 arylthio, ... 

carboxy, 

carboxamide, 

carbo-Ci-C8alkoxy, 

C6-C12 aryl wherein the aryl group is unsubstituted or substitute 

groups nitro, hydroxy, halo, Ci«Cs alkyl, Ci-C^aIkoxy, amino, phenyloxy, acetamido, 
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benzamido, di-Ci-Ce alkylamino, Ci-Ca alkylamino, hydroxy-Ci-Cs a^kyl. C6-C12 
aroyl, and C1 -C8 alkanovi, and 
aromafc heterocycle wherein the heterocycfic groups have 5-10^ 
two 0, N, or S heteroatoms; 

5 R2 and R3, R5 and R6, or R7 and Re may opfionaliy and independently be joined together to form a carbocyclic or 
heterocyclic ring of from four to seven atoms where the heteroatoms are selected from 0 ( S or NR1 2 
where Rt 2 is selected from 

hydrogen, Ci-Cs-alkyi, Ca-Cs-alkenyl, CfrC^-aryl, C6-Ci2-aryl-Ci-C8-aIkyI. Ci-Ca 
alkanoyl, and C6-C12 aroyi; 
10 R4 is selected from 

hydrogen, 
Ci-Cealkyl, 

C3-C10 cycloalkyl, ''" .■\." : ."™".'' 

C6-C12 aryl, and 
15 C6-Ci2ary!-d-C8-aIkyI; 

R2 or R3 m ay be opfionaliy joined with R4 to form a piperidine, pyrrolidine or tfaazolidine ring; 
R14 is selected from 

hydrogen, Ci-Cg-alky!, C3-Cs-a!kenyl, (fe-Ci2-aryl, and C6-C12 aryl-Ci-Cs-alkyl; 
X is selected from 
20 anOorSatom, 

an S atom bearing one or two 0 atoms, 
NRl3 *teeinRi3 is hydrogen, Ci^ 

C1-C8 alkanoyl, and C6-C12 aroyl, and 
C6-C12 aryl, 
25 Ci-C8altenoyi» 

(CH2)k where k is an integer from 0 to 5; . 

n is an integer from 1 to 6; 

m is an integer from 0 to 4; and 

pharmaceutically acceptable salts thereof. 
30 Asusedherein and unless spetifiedotherv^:^ 

hydrocarbon chains having angle, double and triple bonds, respectively; C6-C12 aryl groups denote unsubsfituted 

aromatic ring or fused rings such as, for example, phenyl or naphthyl; hetero denotes the heteroatoms 0, N, or S; 

aromatic heterocyclic groups have 5-10 ring atoms and contain up to four heteroatoms; halogen or halo denote F, CI 

Br, or I atoms; aJkoxy denotes an aJkyi group attached to 0. 
35 Examples of C1 -Cs alkyl or C2-C8 aJkeny! groups include methyl, ethyl, propyl, isopropyl, butyl, t-butyl, 

peniyl, isopentyt hexyl, vinyl, ally!, butenyl and the like; examples of C3-Cio-cydoaIkyi groups include cyclopropyi, 

cyclopentyl, cyciohexyl, and the Bke; aromatic heterocycic groups include but are not limited to pyridyl, thienyl, 

furyl, indolyi, benzthienyi, imidazole Mazolyi, quinolinyi and isoquinofinyl. 
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Most preferred compounds of the instant invention are represented by Formula la: 

NH 2 





O 



5 Formula la 

wherein 

Rt and R9 are the same or different and are hydroxy, NH2, C1-C4 alkoxy orbenzyioxy; 
R2 is hydrogen 
R3 is selected from 
10 hydrogen, 

C1 -Ce alkyl branched or unbranched, unsubstituted or substituted with substituents selected from 
amino, hydroxy, mercapto, methyttrto, carboxy, carboxamide, guankfino, phenyl, 4- 
hydroxyphenyl, 4-methoxyphenyl, 3-indoIyl, and 4-imidazolyl, 
phenyl either unstAsHuted or substituted with one to three substituents that may be independently 
15 nitro, hydroxy, halo (F, Q, Br, I), C1-C4 alkyl, C-|-C4-alkoxy, amino, phenyioxy, phenyl, 

acetamicto, benzamido, ^1^4 aikylamro^ 
aroyl, and C1-C4 akanoyi, A 

1- naphthyi t 

2- naphthyl, 
20 2-thienyl, 

2- pyridyl, 

3- pyridyl, and 

4- pyridyl; 

R5 and R6 are independently selected from 
25 hydrogen, - • ■ — 
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C1-C6 alkyf, either branched or unbranched, unsubstituted or substituted wi^^ 

from amro, hyt^xy, mercapto, carboxy, 

4-methoxyphenyt, 3-indolyl, and 4-imidazoiyl, 
phenyl, either unsubstrtuted or substituted with one to three subsfituents that may be independently 
5 ^'^^^-Wroxy,^ 

P^.acetarnido f benzam^ 

C12 aroyl, and C1-C4 alkanoyl, 

1- naphthyl, 
• 2-naphthyl, 

10 2-thienyt, 

2- pyridyl, 

3- pyridyl, and 

4- pyridyl; 

R7 or Rff are the same or different and are selected from 
15. hydrogen, 

C1-C4 alkyl, 

phenyl either unsubsfituted or substituted wth from one to three subsfituents ii^ 
from hydroxy, halo (F, CI, Br, I), C1-C4 alkyl, and Ci-C4-alkoxy; 
FU is hydrogen or may be joined 
20 thiazofidne; 

Rl4 is hydrogen or methyl; 
X is selected from 

anOorSatom, 

an S atom bearing one or two 0 atoms, 
25 NR13 where R13 is selected from hydrogen, C1-C4 alkyl, benzyl, phenyl, C1-C4 alkanoyl, 

benzoyl and ^ 
(CH2)k, where k is 0 to 5; 
n is 3 or 4; 
mis1;and 

30 pharmaceutical!^ acceptable salts thereof. 

The present invention includes a method of making the compounds of Formulae I and la. 
The present invention also includes a method for reducing platelet aggregation in a mammal. This method 
involves administering a therapeutically effect amount of the compounds of the present 
combinafion with a pharmacologically acceptable carrier. This general method m^^ 
35 mammal having an increased propensity tor thrombus fbrmafioa 

Additional y, the present invention is directed to compositions of matter for reducing platelet 
aggregation in a mammal; treating a mammal having an increased propensity for thrombus formafion; or inhibiting 
bindtngofalgandtoGP Ifollb in a mammal; wherein each of these compositions contains as an active ingredient one 
or more of the cyclic peptides defined in Formula L ' . 
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Detailed Description of the Invention 
The products of Formula I and the preferred substituents can be made by using one of the methods 
depicted below or by other methods known in the art (see e.g., Spatola et aL, Tetrahedron (1988) 44, 821-833, 
and references cited therein). The definitions of the substituent groups are the same as for Formula I except 
5 where noted. 

Method A 




10 IV 
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NHR 



10 




NH ^CO-Polymer Support 

1. Cleave from resin 



2. Cleave R15 



10 



15 



20 



25 



A peptide derivative bound to a polymer support, depicted by intermediate II, may be prepared by 
sequential coupling of individual amino acid derivatives by standard techniques. (Memfield, R. B„ J. Am. Chem. 
Soc. (1963) 85, 2149-2154; Stewart, j. M. and Young, J. D., Solid Phase Peptide Synthesis (1984), Pierce 
Chemical Co, Rockford, IL and additional references cited in the above pubDcafions). When the tetrapeptide 
derivative II is obtained, the terminal amino group is acyiated with a suitable carboxyfic acid derivative III. The 
acylafion to yield IV may be accomplished using a rwmber of standard metfwdsv^di require ac6vafo^ 
carboxyfic acid group of M. For example, activation may be obtained by the addition of an equimolar amount of 
olcydohexylcartxxliimide or related carbodT»nide reagent If desired an additive such as 1-hydroxybenztriazole or 
N-hydroxysuecinimide may be incorporated. Alternatively, the carboxyl group may be activated byconversion to a 
halo derivative. For example, the chloride may be obtained by treatment of the acid with tfuonyl chloride or oxalyl 
chloride in a compatible solvent such as dichloromethane, toluene, or ethylene dichloride if desired. The substituent 
W is chosen such that it is readily displaceaKe by the group X. Suitable subsfituents W are, tor example, halo 
atoms such as bromine or iodine or activated oxygen functions such as methanesutfonyloxy or p-toluensulfonyloxy 
and related sulfonic acid esters. 

Cycfeation to the resin bound intermediate V may be acccnipOshedly selectively exposing me 
nucteophflic group X by removal of R 16 and allowing X to react such that it displaces group W with formation of a 
new chemical bond. For example, If X is a suBur or oxygen atom and Ri6 is a tnphenyimethyl group, then Ri6 may 
be selectively cleaved from X using a very dilute solution of a strong add such as trffluoroacetic acid in a solvent 
compatible with the polymer resin. Examples of resin compatible solvents are dimemylacetamkle, 
dimethylformamide or dichloromethane and the tike. 

The end result of the cleavage process is replacement of the Ri 6 group with a hydrogen atom. After 
cleavage of Ri6, the resin bound peptide derivative V (Ri 6 = H) is allowed to react in a suitable solvent such as 
dimethylacetamide until cyclization is complete. If desired, a base such as N-methylmorphotine may be incorporated 
into the reaction. Other protecting groups h the peptide molecule IV must be stable to ttie reaction conditions 
chosen to form V. For example, Rg may be a group which affords an ester such as methoxy, emoxy, benzyioxy, t- 
butyloxy and the like or an amide or substituted amide. R15 may be an arylsuBonyl group such as 2£5,7fl- 
pentamelhyichronian-6-s5fonyI (PMC) or fHotvenesulfonyl. Final cleavage of the cycBzed peptide product from 
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the polymer resin may be accompfehed in a variety of ways dependent upon the type of resin used and the chemical 
linkage between the cycfized peptide and the resiru It tor example, the rean is derived 
aikoxybenzyi alcohol derivative, then cleavage of the peptide-resin linkage may be carried out using a strong acid 
such as triftuoroacetic acid. If desired, addifives such as phenol, amsole and ethanecSthiol may be added to the 
5 reaction. 

The groups R9 and R15 may be chosen, if desired, to also be cleavable concurrently with cleavage of the 
cyclized peptide from the polymer resin. Examples of such chemical groups areRg=> t-butytoxy, cleavage of which 
yields R9 = OH and R15 * 2,2^,73i)entamethyichro cleavage of which affords R15 »H. The 

crude product thus obtained may be further purified using chromatography ^ ^ 
10 purification to obtain I. 

Further derivatization of I may be carried out if desired, ftr example, if X is S, treatment of I with a 
stoichiometric amount of an oxidizing agent such as 3-chbroperoxybenzoic acid or similar agent wiB produce the 
sulfoxide derivative where X is SO. Use of an excess amount of oxidant will afford the suifone derivative where X " 
isS02. 

' 15 ■ . < ■;' \ - ;; ■ 

Method B 
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Altemalively, me linear pepfide derivative IV, prepared as described above in Method A, may be cleaved 
from Ihe resin prior to cycfealion to yield VI. For example, if IV is synthesized on a polystyrene resin the cleavage 
can be accomplished using liquid hydrogen flouride. The groups Rg, R15 and Ri 6 may, if desired, be cleaved 
concurrenrjy under these condifions. If concurrent cleavage is desired, then examples of suitable substituents Rg 
5 aret^loxy.benzytoxycfqrck^ 

arriR 16 istn^nytae^^ Qeavageof 
these groups would result in Rg being OH and R 15 and Ri 6 being hydrogen. The peptide derivative VI may then 
becycBzedmsdufaiintte 

Method A. The resulting crude I may then b« purified as described aoove hMettx)d^ 
10 The purified I may be further transformed as described in Method A. Additionally and if desired, when 

X is NR13 and R13 is hydrogen, I may be acylated with, for example, acetyl chloride, acetic anhydride or benzoyl 
chloride, methahesulfonyl chloride or p-tofuenesutfonyl chloride and the Bke. 
" Method C ■ 

■ Intermediate VI may be prepared by the sequential coupfing of ammo acid derivatives h solution wrmout 
15 the use of potymer resin or other sofid supports. The methods useful for solution phase peptide synthesis are well 
documented in the chemical literature and are known to those skilled in the art (Houben-Weyl, Methoden der 
Organischen Chemie, 4th Eda, VoL 15, Georg Thieme Vertag, Stuttgart 1974). The attached substituents Ri , 
R9, R15 and R1 6 may be chosen such that they are transformable concurrently or sequentially as described in 
Methods A and B above. CycBzafion of of VI wherein Ri 6 is H under conditions described abo ve in Method B win 
20 provide compounds of Formula L 

. The starting materials required for the processes described herein are known in the literature or can be 
prepared using known methods and known starting materials. 
Isomeric Products 

In products of Formula I carbon atoms bonded to four nonidentical substituents are asymmetric. 

25 Accordingly, the compounds may exist as diastereoisomers, enantiomers or mixtures thereof. The syntheses 
described above may employ racemates, enanfiomers or diastereomere as sfartrig materials or intennediates. 
Diasteieomeric products resulting from such syntheses may be separated by chromatographic or crystallization 
methods. Likewise, enantiomeric product mixtures may be separated using the same techniques or by other 
methods known in the art. Each of the asymmetric carbon atoms, when present in compounds of Formula I, may be in 

30 one of two configurations (R or S) and bom are within the scope of the present invention. The carbon atoms 
. bearing the (CH2)n sidechain and the (CH 2 )m sidechain are generally preferred to have the S configurator!. The 
carbon atom bearing the substituents R 2 and R 3 is generally preferred to have a configuration corresponding to 
that of a D amino ackt The configuration may be assigned R or S depending on the chemical composition of R2 and 
R3. 

35 The compounds described in this invenfion may be isolated as the free acid or base or converted to salts 

of various inorganic and organic acids and bases. Such salts are within the scope of this invention. Examples of 
such salts include ammonium, mea sate f&esodrum, potassium, cak^ and 

Eke alcydohexylamine, N^thyl-D-glucarnine and the Bke; and salts with amino acids like arginine or lysine. Salts 
with inorgarfc and organic adds may be Bavrise prepared, for example, using 
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phosphoric, trifluoroacetic, methanesuifonfc, mafic, maleic, fumaric and the Bke. Non-toxic and physiologically 
* compatible salts are particularly useful although other less desirable sails may have use in the processes of 
isolation and purification. 

A number of methods are useful for the preparation of the salts described above and are known to those 
5 skilled in the art. For example, reaction of the free acid or free base form of a compound of Fom^ 

more molar equivalents of the desired acid or base in a solvent or solvent mixture in which the salt is insoluble; or In 
a solvent like water after which the solvent is removed by evaporation, cfisffllation or freeze drying. Alternatively, 
the free acid or base form of the product may be passed over an ion exchange resin to form the desired salt or one 
salt form of the product may be converted to another using the same general process. 
10 The compounds described in the present invention inhibit the binding of fibrinogen to its receptor on 

platelets, GP Hbllla, and thus prevent the aggregation of platelets and the formation of platelet plugs, emboli and 
thrombi! i in the circulatory system in mammals. Thromboembofic disorders have been shown to be directly related 
' to the susceptibility of blood platelets to aggregate. Mammals exposed to medcal procedures such as angioplasty 
: and thrombolytic therapy 

15 invention can be used to inhibit thrombus formation following angioplasty. They may also be used in combination 
with thrombolytic agents such as tissue plasminogen activator and its derivatives (US patents 4,752,603; 
4,766,075; 4,777,043; EP 199,574; EP 0238,304; EP 228,862; EP 297,860; PCT WO89/04368; PCT 
WO89/00197), streptokinase and its derivatives, or urokinase and ite derivattes to pre^ 
following thrombolytic therapy. When used in combination with the above thrombolytic agents, the compounds of 

20 the present invention may be administered prior to, simultaneously with, or subsequent to the antithrombolytic 
agent Mammals exposed to renal dialysis, Hood oxygenation, cardiac catheterization and simflar medical 
procedures as well as mammals fitted with certain prosthetic devices are also susceptible to thromboembolic 
disorders. Physiologic concfitions, with or without known cause may also lead to thromboembolic dsorders. Thus, 
the compounds described herein are useful in treating thromboembofic disorders in mammals. The compounds 
25 described herein may also be used as adjuncts to anticoagulant therapy, for example in combination with aspirin, 
heparin or warfarin and other anticoagulant agents. The application of the compounds described herein for these 
and related disorders will be apparent to those skilled in the art 
Platelet Inhibition Assays 

The evaluation of inhibitors of the fibrinogen-platelet interaction is guided by in vitro receptor bincfing 
30 assays and in vitro platelet aggregation inhibition assays. 

In-vitro biological activity of the compounds of Formula I was monitored using a modified fibrinogen-GP 
Hbllla ELISA based on the method of Nachman and Leung (J. Cfoi Invest (1982) 69, 263-269) which measures the 
inhibition of fibrinogen bincfing to purified human platelet GP Hbllla receptor. Human fibrinogen was prepared by 
the method of Lipinska, et at (J. Lab. CSn Med. (1974) 84, 509-516). Platelet GP Ifbllla was prepared by the 
35 method of Fitzgerald, et at (Ana/. Biochem. (1985) 151, 169-177. 

Microliter plates are coated with fibrinogen (10 \ig/m\) and then blocked with TACTS buffer 
containing 05% bovine serum albumin (BSA). (TACTS buffer contains 20mM Tris^CI, pH 7.5, 0.02% sodium 
azide, 2 mM calcium chloride, 0.05% Tween 20, 150 mM sodiun chloride.) The plate is washed with phosphate . 
^ buffered saOne (PBS) containing 0.01% Tween 20 and the sample to be determined added, followed by addition 
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of solubilized GP llblila receptor (40 jigAnl) in TACTS, 0.5% BSA. After incubation, the plate is washed and 1 
VQlml of murine anti-platelet monoclonai antibody AP3 (P. J. Newman et al. Blood (1 985) 65, 227-232) is added. 
After another wash a goat anti-mouse IgG conjugated to horseradish peroxidase is added. A final wash is 
performed and developing reagent buffer (10 mg o-phenytenecfiamine dihydrocWoride, 0.0212% hydrogen 
peroxide, 022 mM citrate, 50 mM phosphate, pH 5.0) is added and then incubated until color develops. The 
reaction is stopped with 1N sulfuric acid and the absorbance at 492 nm is recorded. 

In addition to the GP Ibllla EUSA assay, platelet aggregafion assays may be performed in human 
platelet rich plasma (PRP). Fifty maiiOters of whole human blood (9 parts) is drawn on 3.6% sodium citrate (1 
part) from a donor who has not taken aspirin or related medications for at least two weeks. The Wood is 
centrifuged at 160 x g lor 10 min.at 22° C and then allowed to stand for 5 min after which the PRP is decanted. 
Platelet poor plasma (PPP) is isolated from the remaining blood after centrifugalion at 2000 x g for 25 min. The 
platelet count of the PRP was adjusted to ca. 300,000 per microliter with PPP. 

A 225 nL aliquot of PRP plus 25 *iL of either a dBution of the test sample or a control (PBS) is 
incubated for 5 min in a Chrono-log Whole Blood Aggregometer at 25' C. An aggregating agent (collagen, 1 
mg/tal; U46619, 100 ng/ml; or ADP, 8 \sM) is added and the platelet aggregation recorded. 

In the management of thromboembolic disorders the compounds of this invention may be utilized in 
compositions such as tablets, capsules or eOxers for oral admftistration; suppositories for rectal administration; 
sterile solutions or suspensions for injectable administration, and the ike. Animals in need of treatment using 
compounds of this invention can be administered dosages that wifl provide optimal efficacy. The dose and method 
of administration w3l vary from animal to. animal and be dependent upon such factors as weight, diet, concurrent 
mecficafion and other factors whkft those skilled in them 
Dosage Formulations 

Dosage formulations of the cycfic polypeptides of the present invention are prepared for storage or 
administration by mixing the the cyclic polypeptide having the desired degree of purity with physiologically 
acceptable carriers, excipients, or stabilizers. Such materials are non-toxic to the recipients at the dosages and 
concentrations employed, and include buffers such as phosphate, citrate, acetate and other organic acid salts; 
antioxidants such as ascorbic add; low molecular weight (less than about ten residues) peptides such as 
polyarginine, proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophific polymers such as 
polyvinyipyrrolk&ione; amino acids such as glycine, glutamic acid, aspartic acid, or arcpnine; monosaccharides, 
disaccharides, and other carbohydrates including cellulose or Its derivatives, glucose, marmose, or dextrins; 
chelating agents such as EDTA; sugar alcohols such as manratol or sobitol; couiterions such as sodium and/or 
nonionic surfactants such as Tween, Plworics or poiyethyleneglycQL 

Dosage formulations of the cyclic polypeptides of the present invention to be used for therapeutic 
administration must be sterile. Sterility is readily accomplished by filtration through sterile filtration membranes 
such as 02 microne membranes. Cyclic polypeptide formulations ordinarily will be stored in lyophOized form or as 
an aqueous solution. The pH of the cyclic polypeptide preparations typically will be between 3 and 1 1 ( more 
preferably from 5 to 9 and most preferably from 7 to 8. It will be understood that use of certain of the foregoing 
extipfents, carriers, or stabiBzers wffl result in the formation of cyclic polypeptide salts. While the preferred 
route of admirfetratiori is by. hypodermic fraction neecfie, other methods of administration are also anticipated — 
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such as suppositories, aerosols, oral dosage formulations and topical formulations such as ointments, drops and 
dermal patches. 

. Therapeutic cyclic polypeptide formulations generally are placed into a container having a sterile access 
port for example, an intravenous solution bag or vial having a stopper pierceable by hypodermic injection needle. 
5 Therapeutically effective dosages may be determined by either in vitro or in vivo methods. One method 

of evaluating therapeutically effective dosages is illustrated in Example 23 where the cyclic polypeptide cycto-S- 
acetyWIy-Arg-Gly-Asp-CysOH was determined to have a 50% inhfoitory concentration (IC50) of 5 nM when 
inhibiting fibrinogen binding to the GP Ibllla platelet receptor. Similarly, in a platelet aggregation assay in 
Example 24 using the same cyclic peptide, the IC50 was found to be 8i^M. Based upon such /nvdro assay 
10 techniques, a therapeutically effects For each partknilar .cydic polypeptide 

the present invention, incfividual determinations may be made to determine the optimal dosage required. The range 
of therapeutically effective dosages win naturally be influenced by the route of administration. For injection by 
hypodermic needle it may be assumed the dosage is delivered into the body's fluids. For other routes of 
administration, the absorption efficiency must be individually determined for each cyclic polypeptide by methods 
. 15 wefltaown in pharmacology. 

The range of therapeutic dosages is from about 0.001 nM to 1.0 mM, more preferably from 0.1 nM to 100 
jiM, and most preferably from 1.0 nM to 50 jiM. 

Typical formulation of compounds of Formula I as pharmaceutical compositions are discussed below. 
About 05 to 500 mg of a compound or mixture of compounds of Formula I, as the free acid or base form 
20 or as a pharmaceutical^ acceptable salt, is compounded with a physiologically acceptable vehicle, carrier, excipient, 
' binder, preservative, stabilizer, flavor, etc., as cafled for by accepted pharmaauM 

active ingredient in these compositions is such that a suitable dosage in the range indicated is obtained. 

Typical ac^uvants which may be incorporated into tablets, capsules and the like are a binder such as 
acacia, com starch or gelatin; an era 
25 or algimc add; a lubricant such as magnesium stearate; a sweetening agent such as sucrose or lactose; a flavoring 
agent such as peppermint, wintergreen or cherry. When the dosage form is a capsule, in addition to the above 
materials it may also contain a liquid carrier such as a fatty oiL Other materials of various types may be used as 
coatings or as modifiers of the physical form of the dosage unit A syrup or elixer may contain the adive 
compound, a sweetener such as sucrose, preservatives Dke propyl paraben, a coloring agent and a flavoring agent 
30 such as cherry. Sterile compositions for injection can be formulated according to conventional pharmaceutical 
practice. For example, dissolution or suspension of the active compound in a vehicle such as water or naturally 
occurring vegetable 08 See sesame, peanut or cottonseed oil or a synthetic fatty vehicle Eke ethyl ofeate or the Eke 
may be desired. Buffers, preservatives, antioxidants and the like can be incorporated according to accepted 
pharmaceutical practice. 
35 EXAMPLES 

h the following Examples, common a-amino acids may be described by the standard three letter amino 
acid code when referring to intermecSates and final products. By common a-amino acids is meant those amino 
_ ^ a** 18 incorporated into proteins under mRNA direction. Standard abbreviations are Osted in The Merck Index, 
10th Edition, pp Misc-2 - Misc-3. Unless otherwise designated the common a-amino acids have the natural or "L*- 
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configuration at the alpha carbon atom. If the code is preceded by a "D* this signifies the opposite enantiomer of 
the common a-arnino aril Modfkxl or unusual a-arru^ 

designated as described in U.S. Patent and Trademark Office Official Gazette 1 1 HTMOG, May 15, 1990. tf the 
product or intermediate name is preceded by "cyclo- this srafl be taken to mean that the peptide has been 
cycGzed, e.g. compounds of Formula I or V. 

Exanptel 

Bromoacetyl-Gly-Aig-Gly-Asp-CysOH 

The title compound is prepared in protected form by standard soDd rjtese peptide synthesis on 2% 

cross-Tinked polystyrene resin (Memfield resin). Treatment of the resin bound intermediate with Gquid hydrogen 

fluoride induces concomitant cleavage of the protecfing groups from the title compound as well as cleavage of the 

peptide from the resin. The crude peptide is purified by reverse phase high performance liquid chromatography 

(HPLC) using a 4.6 mm x 250 mm column containing 10 micron, 300 Angstrom pore size C-18 packing. The elution 

of the column is with an acetontrDeJO.1% aqueous trifluoroacefic acid gradient going from 0% - 40% acetoritrile 

linearly over 80 minutes. The title compound elutes at 14 minutes. FABma^srjectrum: calc. 627;obs.628 
(M+1). 

Example 2 

Cydo-S-aceryl-Gly-Arg^Sly-Asp-Cys-OH 



NH. 





The compound prepared in Example 1 is dissolved in deionized water (1 mg/ml) and the pH of the solution 
is adjusted to 7.0-85 wifli ammonium hydroxide. After stirring for 4 hr at ambient temperature the reacfion 
sciution is acidified to pH 3.0 - 3.5 with trifluoroacefic add and then lyophilized. The resulting crude product is 
purified by HPLC using the conditions described in Example 1 . The desired title compound elutes after 11 
minutes. FAB mass spectrum: calc 546; obs: 547 (M+1). Amino acid analysis: cartxaymethykys, 0.96; Asp, 1 .04; 
Gty. 2.12; Arg, 0.94. 1H NMR(300 MHz, D2O, pH 7): 4.75, m; 4.34.4, m; 4.15, d; 4A ab q; 3:9. d; 3.4, ab q; 12. 
t; £95-3.15, m; 2.7, dq; 1.75-2.05, m; 1.55-1 .7,m. _ • 
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Exampie3 

Cyclo-S-acetyM5ly-Arg-GIy-Asp-Cys-OH 

Bromoac»tyi-Gly-A^ 

triphenylmethyl)-0-{polymer resin) is prepared using standard solid phase peptide synthesis utilizing , 

fluorenyiinethoxycaitonyi (FMOC) protecting group chemistry on a p-aikoxybenzyi alcohol resin. Repeated 

treatment of the resin bound peptide with a 1% solution of trifluoroacetic add in cfchbromethane results in 

cleavage of the S-triphenylmethyl group as evidenced by the bright yellow of the solution. Treatment is continued 

until dissipation of the yeflow color (ca. 1.5 L of the cleavage solufion is required per gram of resin bound peptide,) 

After complete cleavage of the S-triphenytmeihyt group, the resin bound pepBde is washed several times with a 

5% solufion of N-methylmorphoiine in N,N-dimelhylacetamide and then shaken in- pure NJ^kfimethylacetamide for 

12 hr to complete the cyclization. Treatment of the cyclzed resin bound peptide with trifluoroacetic acid 

containing (v/v) 1% phenol, 1% anisote and 1% ethanedithiol effects concomitant cleavage of the remaining 

protective groups and cleavage of the desired product horn the reaa Purification of the crude product as 

described in Example 2 affords the title compound idenfcalto that described above. 

Example 4 " " ■ 

Synthesis of Compound 

Using the methods described in (Examples 1 and 2, the compourxls fisted^ Table I may be prepared 
compounds are depk^ by Form 

Crude products are purified using HPLC as described in Example 2. ( - - . 

; The fallowing aminoacid derivatives may be i^inplaceofBoc^ferwuplingtothealph^am^ 
group of Arg to obtain the substituents R2 and R3 shown in Table I. When Boc-Giycine is used, R2 and R3 are .' 
both hydrogen (H). ( * 



Amino Acid Derivative 



R 2 



R3 



Boc-L-AIa 

Boc-D-AIa 

Boc-L-Val 

Boc-D-Val 

Boc-D-Thr 

Boc-L-Thr 

Boc-D-Asn 

Boc-L-Asn 

Boc-D-GIn 

Boc-L-GIn 

Boc-D-{0-2-bromobenzyloxy- 
carbonyl)Tyr 

Boc-L-{0-2-bromobenzyloxy- 
carbonyl)Tyr 



methyl 
H 

2-propyl 

H 

H 

1- hydroxy-1 -ethyl 
H 

cartxDxamidomethyl 
H 

2- carboxamidoethyl 

H ' . 

4-hydroxybenzyl 



H . .. ... .;. 

methyl 
H 

2-propyl 

1- hydroxy-1 -ethyl 
H 

carboxamidomethyl 
H 

2- carboxamidoethy! 
H 

4-hydroxybenzyl 

H ' : 
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Boc-D-Phe H 
Boc-L-Phe 
Boc-D-Leu 
Boc-L-Leu 
Boc-D-Met 
Boc-L-Met 
Boc-D-Nle 
Boc-L-Nle 
Boc-D-IIe 
Boc-Hle 

Boc-D-Asp(P-O-cydohexyf) 
Boc-L-Asp(p-0-cyclohexyl) 
Boc-D-Glufr-O-cydohexyl) 
Boc-L-Glu(yO-cyclohexyl) 
Boc-D-(0-benzy[)Ser 
Boc-L-(0-benzyl)Ser 
BOT-D^N ,m -benzytoxymethyl)His 

Boc-MN im -ben2yloxymethyl)His 
Boc-D-Trp 

Boc-L-Trp 

Boc-D-(N e -2-chlorocarbobenzyl- 
oxy)Lys ; 

Boc-L^N e -2-chlorocarbobenzyl- 
oxy)Lys 

Boc-D-(N 5 -carbobenzyoxy)Orn . H 
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benzyl 
H 

2-methyM -propyl 
H 

2-methyithiomethyi 
H 

1 - butyl 
H 

2- butyI 
H 

cartxixymethyl 
H 

2- carboxyethyl 

H V 

hydroxymethyl 
H 

4-imidazolyimethyi 
H 

3- indolyimethyl 
H 

4- amino-1 -butyl 



Boc-L-(N d -carbobenzyoxy)Om 
Boc-D-{0-benzyI)Thr 
Boc-L-(0-benzyl)Thr 
Boc-L-Pro gives R2 + R4 = CH2CH2CH2 
Boc-D-Pro gives R3 + R4 = CH2CH2CH2 



3-amino-1 -propyl 
H 

1-ftydoxy-1 -ethyl 



benzyl 
H 

2-methyi-1 -propyl 
H 

2-methylthioethyl 
H 

1 - butyl 
H 

2- butyl 
H 

carboxymethyl 

H 

2- carboxyetftyl 
H 

hydroxymethyl 

4-imidazolylmethyl 
H 

3- indolylmetftyl 
H 

4- amino-1 -butyl 
H 

3-amino-1-propyl 
H 

1-hydoxy-1 -ethyl 
H 



The substituted bromoacetic acids listed below may be used in place of bromoacetfc add in Example 1 
and in combination with the amino actf derivatives listed above to prov^ 

variable substituents at Ffe, Rg. When bromoacetic acid is used in combination with the amino add derivatives 
listed above R5 and R6 are hydrogen (H). 



1 -naphthyl-a-bromoacetic acid 
10 " 2-naphthyl-a-bromoacetic acid 
phenyl-a-bromoaceiic add 
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2- trifluromethylphenyl-o-bromoacetic acid 

3- trifluromethylphenyJ-o-bfomoac8tic acid 

4- trifluromethyiphenyi-a-bromoacetic acid 

4-biphenyta-bromoacetic acid 

2-bromopropionic acid 

2-bromobutyric acid 

2-bromopentanoic acid 

L-Penrtc81amine may be substituted for L^^ine n Example 1 to produce ^ 
R7 and Rs are methyl. 



NH 



NH 




NH 



CORfl 



(CH^n 



COR. 




VII 



15 



R2 

H 
H 



*3 



(4) 



TABLE I 

Selected compounds of Fomtfa VB 



R4 R5»R6 



(4) H.H 



1-hydroxy- H 
1 -ethyl 



H, H 



R7 Rg MW 1 MW 2 RT 3 

(calc) (obs) 



H 



H 



H 



H 



586.2 587 16 



590.2 591.0 9 



H 



H 



H H 



1-hy'droxy- H 
1 -ethyl 



H, 1- 
naphthyl 

H, phenyl 



H 



H 



H 



H 



672.2 673.0 4 0 



666,2 667.2 26 
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H H H 

H 4-hydroxy- H 

b nzyl 

H H H 

H H H 

H 2-propyl H 

H methyl H 

H carboxamido H 

methyl 

H H H 

H 4- H 

imidazolyl- 
methyl 

H 2-methyl- H 

1 -propyl 

H 4-hydroxy- H 

benzyl 

H H H 

H H H 

H 2-methyl- H 

thioethyl 

H hydroxy- H 

methyl 

H 3-indolyl- H 

methyl 

H carboxamido H 

ethyl 

H H H 

H H H 

H H H 
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H, 4- 


h 


H 


698.4 


699.0 


50 


biphenyl 












H, H 


H 


H 


652.2 


653.2 


20 


H, phenyl 


H 


H 


622.2 


623.1 


18 


H,H 


CH 3 


CH 3 


574.2 


574.9 


.14 




H 


H 


588.2 


588.9 


18 


TT TT 


H 


H 


560.2 


560.9 


10 


H.H 


H 


H 


603.2 


604.1 


11 


H, 2-tri- 


H 


H 


690.3 


691.0 


38 


fluoromethyl 










-phenyl 












H.H 


H 


H 


626.2 


627;0 


8 


H,H 


H 


H 


602.3 


602.9 


23 


H, phenyl 


- 

H 


H 


728.2 


729.0 


- 

38 


H, 4- 


H 


H 


698.4 


699.0 


52 


biphenyl 












H, 1- 


H 


H 


672.3 


673.0 


44 


napntnyl - 












H.H 


H 


H 


620.2 


621.0 


18 


H.H 


H 


H 

■ • 


576.2 


577.0 - 


8 


TT TT 


H 


H 


675.3 


676.1 


28 


H.H 


H 


H 


617.2 


617.9 


9 


H, 4-tri- 


H . 


H 


690.3 


691.0 


44 



fluoromethyl 
phenyl - 

H, 2- H H 672.2 673.0 39 
naphthyl 

H, propyl H H 588.2 589.0 24 
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H 



H 



3-amino-l- H 
propyl 



21 

H.H 



H 



H 



H 



H t 3-tri- H 

fluoromethyl 

phenyl 



H 



H 



603.2 603.9 6 



690.3 691.0 42 



H 
H 
4- 

imidazolyl- 
methyl 

benzyl 

H 

H 



H 

2-butyI 
H 



H 
H 
H 



H, ethyl 
HH 
H, H 



H 
H 
H 



H 
H 
H 



574.2 575.0 18 

602.3 603.0 22 
626.2 627.1 14 



H 

1 -hydroxy 
1-ethyl 

4-hydroxy- 
benzyl 



H 
H 

H 



H, H 

H; phenyl 
H, H 



H 
H 



H 
H 



636.2 637.0 25 
666.2 667.2 28 



CH 3 CH 3 680.2 681.0 21 



H 


4-amino-l- 
butyl 


H 


H.H 


H 


H 


617.3 


618.0 


8 


CH 3 


H 


H 


H.H 


H 


H 


560.2 


561.0 


13 


(5) : 


H 


(5) 


H, H 


H 


H 


586.2 


587.0 


17 


H 


H 


H 


H, 2- 
naphthyl 


H 


H 


672.3 


673.0 


42 


1-hydroxy- 
1-ethyl 


H 


H 


H, H 


H 


H 


590.2 


591.0 


12 


H 


H 


H 


. H, phenyl 


H 


H 


622.2 


623.1 


16 


H 


2-carboxy- 
1 -ethyl 


H 


H.H 


H 


H 


618.2 


619.0 


1 1 


1 -butyl 




H 


H.H 


H 


H 


602.2 






2-propyl 


H 


H . 


H,H 


H 


H 


588.2 


589.0 


19 


2-butyl 


H 


H 


H, H 


H 


H 


602.3 


602.8 


24 


4-hydroxy- 
benzyl 


H 


H 


H3 


. H 


H 


652.2 


653.2 


23 


H 


H 


H 


H, ethyl 


H 


H 


574.2 


575.0 


16. 


4-amino-l- 
butyl 


H 


H 


H, H 


H 


H 


617.3 


618.0 


10 


H 




H 


H, 1 -propyl 


H 


H 


588.2 


589.0 


22 


hydroxy- 


H 


,H 


HH 


H 


H 


576.2 


576. f 


10 



methyl 
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H 



H 



carboxy- 
methyl , 



2- methyl- 
thioethyl 

3- indblyl- 
methyl 

3-amino-l- 
propyl 



H 



carboxamido H 
methyl 



benzyl 



H 



H 



2-methyl- 
1 -propyl 

H 
H 



H 
H 



2-carbox- 
amidoethyl 

H 



H 



H 



2-carboxy- H 
ethyl 



carboxy- 
methyl 



H 



H 



H 

H 

H 

H 

H 

H 
H 



H 

H 
H 



H 



H 



H 



H 



22 

H, 2-tri- H 
fluorom thyl 
phenyl 

H.H - H 



H.H 



H, H 



H, H 



H.H 



H, H 



H 



H 



H 



H 



H 



H, H 



H.OL, 



H 



H 



H, H 

pentafluoro- 

phenyl 



H.H 



H 



H t 4-tri- H 

fluoromethyl 

phenyl 



H.H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H t 3-tri- H H 

fluoromethyl 

phenyl 



H 



H 



H 



H 



H 



H 



690.3 691.0 36 



604.2 605.1 12 



620.2 620.8 20 



675.3 676.0 3 2 



603.2 604.2 5 



603.2 603.9 9 



636.2 637.0 28 

690.3 691.0 40 



602.3 602.8 24 



560.2 561.0 14 



712.3 712.9 36 



617.2 618.0 10 



690.3 691.0 42 



618.2 618.8 12 



604.2 604.8 10 



Notes 

(1) Calculated molecular weight of the peptide. 

(2) Observed molecular weight for M+1, where Mis the molecular ion, determined by FAB mass spectrometry. 

(3) Observed chromatographic retention time of the peptide in minutes determined using the conditions given in 
Example 2. 

(4) R3 + R4 = CH2CH2CH2. 

(5) R 2 + R4 = CH2CH2CH2. 
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■ Examples 

hHN+Butoxycarbonyl{^ glycine 
N4-Butoxycartony^ 

yioxytrisfcfimethylami^^ hexafluorophosphate (BOP, 10 mmoles), ethyl glycinate hydrochloride (13 

5 mmoles) and N-methylmorphoOne (50 mmoies) are sSrred in a mixture of cfichloromethane and N,N- 

dimethyiacetamide (1:1, 50 ml) for 2 hr at room temperature. At the end of the reaction time the mixture is 
acidified with acetic acid, concentrated in vacuo, and the residue taken up in ethyl acetate. The resulting solution is 
washed with 10% citric acid (3 times), water (2 times), saturated socfium bicarbonate (3 times), water (2 times) 
and brine (2 times). The organic solution is (fried over magnesium sulfate, filtered, dried and concentrated to 
10 afford the crude ethyl ester of the title compound. Crystalline material can be obtained from ethyl acetate- 
hexane mixtures. 

The dipeptkte ethyl ester (10 mmoles) is treated with 105 mmoies of sodium hydroxide in ethanol and 
water (4:1 , 50 ml) for 1 hr. at room temperaiure. Water (100 ml) is added and the mixture concentrated to ca 50 
ml, acidified with citric acid, and extracted with ethyl acetate. After drying the extract over magnesium sulfate, 
15 concentration affords the desired title compound, it may be recrystallized from ethyl acetate-hexane mixtures. 

Examples 

N-(^t-butoxycarbonyt(beta<ycIohexyl ester)aspartyO cysteine (S-4-metftylbenzyl) benzyl ester 




N-t-Butoxycaitonyl(beta-cyclohexyl esterjasparfic acid (1 0 mmole), BOP reagent (1 0 mmole), and N- 
methylmorpholine (15 mmole) are stirred in N,N-dimethylacetamide (50 ml) at room temperature far 10 min. To 
the resulting solution is added a solution of cysteine(S-4-methy!benzyl) benzyl ester trifluoroacetate (10 mmole) 
and N-methylmorphofine (15 mmole) in N,N^Dmethylacetamide (15 ml), Ttie resulting reaction mixture is stirred 
25 overnight at room temperature. Tliesoiveffl is then remove in vacuo aitf 
described in Example 5 to afford the desired title compound. 
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Example 7 . 

^H^^^K^tt^utoxycarbc^^ glyclnyl)aspartyl(bela*yclohexyI 
ester))cysteine(S-4-me!hy]benzyl) benzyl ester 



NH 



5 




N-{N-t-buto)qfcart)onyl(bela-cyclohexyl ester)aspartyl) cysteine (S-4-methyIbenzyl) benzyl ester 
from Example 6 (10 mmote) is treated with trifluoroacetic acid in dichloromethane (1:1, 200 ml) for 40 min at 
room temperature and then concentrated. The resulting solid is washed with ether and dried. 

The above solid (10 mmole), BOP reagent (10 mmole), N-methylrnorpholine (40 mmole) and N-{N-t- 
Butoxycarbonyl(^pHDluenesulfonyl)ar^^^ from Example 22 (10 mmole) are stirred in N.N- 

dbnethylacetamide (50 ml) for 4 nr. After the reaction the solution is concentrated and the residue taken up in 
ethyl acetate and worked up as descrfoed in Example 5. The crude product thus obtained is crystallized from 
chtoroform-hexane. 

Examples 

N-WN^M-Butaxycarboi^ 
glydriy1)asparty!(bet^^ 



NH 




20 

1 * 

The t-butoxycarbonyl group is removed from N-(N-{N-(N-t-butoxycarbonyI(N9-p- 
toluenesulfony!)arginyl) glycinyl}asparlyl(beta-cyclohexyI ester))cysleine(S-4-methyibenzyi) benzyl ester using 
the procedure described in Example 7 to afford the trifluoroacetate salt of the tetrapepSde. 

The above salt is coupled with N-t^toxycarbonyj((>ben2yl)4)-threwine using the procedure 
25 descrfoed in Example 7. The desired BtJe compound is isolated after workup as described above. 
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Example 9 

CyclchS-acetyl-(D-Thr)-Ar8-Gly-Asp-Cys^)H 




The t-butoxycarbonyl group is removed from N-(N-(N-{N-(N4-Butoxycarbonyi(0-ben2yI)-D- 
lhreonyl)(N9.p-toIuenesulfonyf)arginyl) glyanyl)asparty!(beta-cyclohexyi ester])cysteine(S-4-methylben2yI) 
benzyl ester using the procedure described in Example 7 to afford the trifiuoroacetate salt of the pentapeptide. 
Bromoacetic acid (4 mmole) and dtcydohexylcartx^ 
10 dichloromethane for 10 min. The solution is filtered and added to the pentapeptide trifiuoroacetate prepared 
above (1 mmole) and N-methyimorphoiine (3 mmole) in N,N-dimethylacetamide (5 ml). After stirring for 1 hr at 
room temperature the reaction is concentrated in vacuo and the residue taken up in ethyl acetate and worked up as 
described in Example 5. The residue isolated from the ethyl acetate solution is treated direcBy with a mixture of 
hydrogen fluoride, artsole and methylethyl sulfide (9055) at 0 C for 1 hr. After removal of the hydrogen fluoride 
15 the crude material is dissolved in 10% acetic add and lybphifized The isolated powder is then dissolved in water at 
a concentration of 1 mg/ml and the pH adjusted to 73 with ammonium hydroxide. After stirring at ambient 
temperature for 4 hr the reaction solution is loaded onto a DEAE 52 cellulose column equffibrated in 5 mM 
ammonium acetate at pH 7.3: The desired title compound is edited with 45 mM ammonium acetate at pH 7.3. The 
fractions containing the desired cyciized peptide are desalted immecfiately by ackfification to pH 4 with acetic 
20 add and chromatography over a C-18 reverse phase column The loaded column is first washed with 0.1% aqueous 
trifluoroacetic acid followed by linear gradient with 0.1% trifiuoroacetic add in acetonftrile. The purified 
peptide, after lyophiiization, is identical with the product described in Example 7. 

Example 10 

Method for Preparation of Other ConpoundsofftxrataVH 

25 Using the methods described in Examples 5-9, the replacement amino adds shown below may be used in 

place of D-threonine In Example 8 and the replacement bromo acids feted below may be used in place of 
bromoacetic add in Example 9 to produce the compounds fisted in Table 2. In this example, Riand R9 are OH, Ru 
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is hydrogen, and X is S. The benzyl ester of S^^emylbenzyO^nnkaliamine may be used in place of the 
corresponding cysteine derivative in Example 5 to produce compounds in which R7 and Rs are methyl. 



Amino Acid Derivative 



R2 



R3 



Boc-L-Ala 

Boc-D-AIa 

Boc-L-Val 

Boc-D-Val 

Boc-D-Thr 

Boc-L-Thr 

Boc-D-Asn 

Boc-L-Asn 

Boc-D-G!n 

Boc-L-GIn 

Boc-D-{0-2-bromobenzyIoxy- 
carbonyl)Tyr 

Boc-L-{0-2-bromobenzy!oxy- 

carbonyl)Tyr 

Boc-D-Phe 

Boc-L-Phe 

Boc-D-Leu 

Boc-L-Leu 

Boc-D-Met .. 

Boc-L-Met 

Boc-D-Nle 

Boc-L-Nle 

Boc-D-lle 

Boc-L-!ie 

Boc-D-Asp(P-O-cyclohexyl) 

Boc-L-Asp(p-0-cyclohexyl) 

Boc-D-Glu(y-0-cyclohexyl) 

Boc-L-Glu(yO-cyclohexyl) . 

Boc-D-(0-benzyl)Ser 

Boc-L-(0-benzyl)Ser 

Boc-EHN lm -behzyioxymethy!)His 

m _ 

Boc-L-(N im -benzyloxymethyl)His 

Boc-D-Trp 

Boc-L-Trp 



. methyl 
H 

2-propyl 

H 

H 

1- hyriroxy-1 -ethyl 
H 

carboxamklomethyi 
H 

2- carboxamidoethyl 
H 

4-hydroxybenzyl 
H 

benzyl 
H 

2-methyM -propyl 
H 

2-methylthioethyl 
H 

1 - butyl . 
H 

2- butyl 
H 

carboxymethyl 
H 

2- carboxyethyl 
H 

hydroxymethyl 
H 

4-imidazolylmethyI 
H 

3- indo!ylmethyl 



H 

methyl 
H 

2-propyi 

1 -hydroxy-1 -ethyl 
H 

carboxamidomethyl 
H 

2-carboxamidoethyl 
H 

4-hydroxybenzyl 
H 

benzyl 
H 

2-methyl-1 -propyl ' 
H 

2-methylthioethyl 
H 

1 - butyl 

2- butyl 
H 

carboxymethyl 
H 

2- carboxyethyl 
H 

hydroxymethyl 
H 

4-imidazolyimethyl 
H 

3- indofytmethyl 
H 
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Boc-D-(N e -2-chIorocarbobenzyl- 
oxy)Lys 

Boc-L-(N £ -2-chlorocart>obenzyl- 
oxy)Lys 

Boc-D-(N°-carbobenzyoxy)Om 
i5 



H 



4-amino-1 -butyl 



H 



Boc-L-{N 0 -carbobenzyoxy)Orn 
Boc-D-(0-benzyl)Thr 
Boc-Gly 

Boc-L-Pro gives R2 + R4 = CH2CH2CH2 
Boc-D-Pro gives R3 + R4 » CH2CH2CH2 



3-amino-1 -propyl 
H 
H 



4-amino-1 -butyl 
H 

3-amino-1 -propyl 
H 

1-hydoxy-1 -ethyl 
H 



Replacement bromo adds 

1- naphthyl-a-bromoacetic acid 

2- naphthyi-a-bromoacetic acid 
phenykx-bromoacetic acid 
2-trifluromethylphenyI-a-bromoacetic acid 

10 3-trifluromethyiphenyl-a-bromoacetic acid 

4-trifiuromethylphenyl-a-bromoacetic acid 

4-biphenyl-a-bromoacetic acid 

2-bromopropionic add 

2-bromobutyric add 
15 2-bromopentanoic add 

When bromoacetic add is used in combination wiih the amino add derivatives fisted above R5 and Re are hydrogen 



20 



R2 

H 
H 

H 

H 

H 
H 



Table2 

Other Selected Compounds of Fbrmula VB 



R3 



(4) 



R4 R5. *6 



(4) H, H 



1-hydroxy- H 

1 - ethyl 

4-hydroxy- H 
benzyl 

H H 

2 - propyl H 
methyl - — H- 



H, H 
H, H 
H, H 

HtH 



R7 R8 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



MW 1 MW 2 RT 3 

(calc) (obs) 

586:2 587 16 

590.2 591.0 9 



652.2 653.2 20 



CH3 GH3 574.2 574.9 14 



588.2 588.9 18 



560.2 560.9 10 
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H 



H 



H 



H 



H 



H 



H 



benzyl 



H 



H 



CH 3 
(5) 



H 



1 -butyl 



carboxamido H 
m thyl 

4- H 

imidazolyl- 

methyl 

2-methyl- H 

1 - propyl 

2- methyl- H 
thio ethyl 

hydroxy- H 
methyl 

3- indolyl- H 
methyl \ 

carboxamido H 
ethyl 



H 



H 



3-aminol- H 
propyl 



2-butyl 



H 



4- H 

imidazolyl- 
methyl 



H 



H 



4-hydroxy- H 
benzyl 

4-amino-l- H 
butyl 



H 



H 



1 -hydroxy- H 
1 -ethyl ; 



H 



(5) 



H 



2-carboxy- H 
1-ethyl 



H 



2-propyl H 



H 



H 



28 



H, H 



H,H 



H, H 

H,H 

H, H 

H.H 

H.H 

H, H 
H, H 

H, H 
H, H 



H, H 
H.H 

H.H 
H, H 

H.H 

H, H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



H 



603.2 604.1 1 1 



626.2 627.0 8 



602.3 602.9 23 



620.2 621.0 18 



576.2 577.0 8 



675.3 676.1 28 



617.2 617.9 9 



546.2 547.0 10 



603.2 603.9 6 



602.3 603.0 22 



626.2 627.1 14 



636.2 637.0 25 



CH 3 CH 3 680.2 681.0 21 



617.3 618.0 8 



560.2 561.0 13 



586.2 587.0 17 



590.2 591.0 12 



618.2 619.0 11 



602.2 



588.2 589.0 19 



2-butyl 



H 



H, H 



H 



602.3 602.8 24 
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4-hiydroxy- H 
benzyl 

4 -am in -1- H 
butyl 



H 



29 



hydroxy- 
methyl 

H 



2- methyl- 
thioethyl 

3- indolyl- 
methyl 

3-amino-l 
propyl 



H 



carboxy 
methyl 

H 



H 



H 



carboxamido H 
methyl 



benzyl 

2-methyl- 

1- propyl 

2- carbox- 
amidoethyl 

2-carboxy- 
ethyl 

carboxy- 
methyl 

H 

H 



H 
H 

H 

H 

H 



1 -hydroxy 
1 -ethyl 
1 -hydroxy- 
1 -ethyl 



H H.H 



H H, H 



H H, H 



H H.H 



H H, H 



H H, H 



H H, H 



H 
H 



H 
H 



H, H 
H, H 



H H.H 



H H, H 



H H.H 



H, phenyl 
H, phenyl 



H H 652.2 653.2 23 



H H 617.3 618.0 10 



H H 576.2 576.1 10 



H H 604.2 605.1 12 



H H 620.2 620.8 20 



H H _ 675.3 676.0 3 2 



H H 603.2 604.2 5 



H H 603.2 603.9 9 



H 
H 



H 
H 



H 
H 



H 
H 



636.2 637.0 28 

602.3 602.8 24 



H H 617.2 618.0 10 



H H 618.2 618.8 12 



H H 604.2 604.8 10 



666.2 667.2 26(6) 
666.2 667.2 28(7) 



H 


H 


H 


H, phenyl 


H 


H 


622.2 


623.1 


H 


H 


H 


H v phenyl 


H 


H 


622.2 


623.1 


H 


H 


H 


H, 4- 


H 


H 


698.4 


699.0 


H 






biphenyl 










H 


H 


H f 4- 


H 


H 


698.4 


699.0 








biphenyl 










H 


H 


H 


H, 1- 


H 


H 


672.2 


673.0 


H 






naphthyl 










H 


H 


H, 1- 


H 


H 


672.2 


673.0 








naphthyl . 










H 


H 


H 


H t 2- 


H 


H . 


672.3 


673.0 








naphthyl 
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H 



H 
H 

H 
H 

H 



H 



H 



H 



H 



H 
H 



H 



H 
H 

H 
H 

H 



H 



H 



H 



H 



H 



H 



H 
H 

H 
H 

H 



H 



H 



H 



H 



H 



H H 

4-hydroxy- [ H 
benzyl 



30 

H, 2- 
naphthyl 

H, ethyl 
H, ethyl 



H 



H 
H 



H, 1-propyl H 
H, 1-propyl H 

H, 2-tri- H 

fluoromethyl 

-phenyl 

H. 2-tri- H 
fluoromethyl 
phenyl + 

H, 3-tri- H 

fluoromethyl 

phenyl 

H, 3-tri- H 

fluoromethyl 

phenyl 

H, 4-tri- H 

fluoromethyl 

phenyl 

H, 4-tri- / H 
fluoromethyl V 
phenyl 

HCH3 H 

1 V 

H f phenyl H 



H . 
H 

H 
H 

H 



H 



H 



H 



H 



H 



H 
H 



672.3 673.0 44(7) 



574.2 575.0 16(6) 

574.2 575.0 18(7) 

588.2 589.0 22(6) 

588.2 589.0 24(7) 

690.3 691.0 36(6) 



690.3 691.0 38(7) 



690.3 691.0 40(6) 



690.3 691.0 42(7) 



690.3 691.0 42(6) 



690.3 691.0 44(7) 



560.2 561.0 14 
728.2 729.0 3 8 



Notes ■ < .. >. ; . . ■ • • ".. ■ ■■ . \ 

(1) Calculated molecular weight of the peptide. 

(2) Observed molecular we^ 

(3) Observed chromatographic retention fime of the pepfide in minutes determined using the conditions given in 
Example! 

(4) R3 + R4 * CH2CH2CH2. 

(5) R2 + R4 = CH2CH2CH2. 

(6) Isomer 1- first to elute from the chromatography column. 

(7) isomer 2- second to elute from the chromatography column. 
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EXdI(jfe11 

Cyclo-S^cetyI-(D-Tyr)-ArB-Gly-Asp-Cys-OC2H5 




Using the procedures described in Examples 5-9 and replacing cysteine(S-4-methylbenzyl) benzyl ester 
trifluoroacetete with the corresponding elhyi ester the title compound shown above is obtained. HPLC retention 
time: 30 min. Molecular weight (calc.): 6802. Found (FAB): 681 J (M+l). 



WO 91/01331 




HO 



Using the procedures described in Examples 5-9 and replacing N-t-butoxycart»nyl{beta-<^clohexyl 
ester)aspartic acid with the corresponding beta-ethyl ester the title compound shown above is obtained. HPLC 
retention tone: 26 mia Molecular weight (calc): 680.2. Found (FAB): 681.2 (M+1). 
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Example 13 

Cyclo-S-acetyI-(D-Tyr)-Arfl-G!y-Asp(OC2H5>Cys-OC2H5 



C0 2 C 2 H« 




H 



10 



15 



20 



Using the procedures described In Examples 5-9 and replacing (^eire(S4-methyfbenzyl) benzyl ester 
trifiuoroacetate with the corresponding ethyl ester and N-t-butoxyc^ esier)aspartic acid 

with the corresponding beta-ethyl ester the title compound shown above is obtained. HPLC retention time: 40 
mia Molecular weight (calc.): 7092. Found (FAB): 71 0.1 (M+1). 

■ . Example 14 
Preparation of cyclic thibeiher peptideesters 
Using the methods descrfced in Examples 11-13 above, the following cyciized peptide esters are 
analogously prepared. 

. . Cyclo-S-acetyl-Gly-Arg-Gly-Asp-Cys-OC2Hs 

Cyclo-S-acetyl-Gly-Arg-Gly-Asp(OC2H5)-Cys-OH . 
Cydo-S-acetyl-Gly^g-Gty^^^ 

Cyclo-S-acetyl-(D-Ala)-Arg-Gly-Asp-Cys-OC2H5 
Cyclo-S-acetyl-(D-Ala)-Arg-Gly-Asp{OC2H5)-Cys-OH 
Cyclo-S-acetyl-(D-Ala)-Arg.Gly-Asp(OC2H5)-Cys-OC2H5 . 
Cyclo-S-acetyl-(D-Val)-Arg-Gly-Asp-Cys-OC2H5 ; 

Cyclo-S-acetyI-(D-Val)-Arg-Gly-Asp(OC2H5)-Cys-OH 
Cyclo-S-acetyHD-^ 

Cyclo-S-acetyl-(D-Leu)-Arg-Gly-Asp-Cys-OC2Hs 
Cyclo-S-acetyl-(D-Leu)-Arg-Gly-Asp(OC2H5)-Cys-OH 
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15 
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Cyclo-S-acetyl-(D-Leu)-Arg-Gly-Asp{OC2H5)-Cys-OC2H5 
Cyclo-S-acetyl-(D-ne)-Arg-Gly-Asp-Cys-OC2H5 

Cyclo-S-acetyI-(D-lle)-Arg-Gly-Asp(OC2H5)-Cys-OH 

Cyclo-S-acetyl^D-lle)-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 
Cyclo-S-acetyl-(D-Phe)-Arg-Gly-Asp-Cys-OC2H5 

Cycto-S-acelyl-(D-Phe)-Arg-Gly-Asp(OC2H5)-Cys-OH 

Cyclo-S-acetyl-{D-PhehArg-Gly-Asp(OC2H5}-Cys-OC2H5 

Cyclo-S-acetyl-(D-Thr)-Arg-6ly-Asp-Cys-OC2H5 

Cyclo-S-acetyl-(D-"nir)-Arg-Gly-Asp(OC2H5)-Cys-OH 

Cyclo-S-acetyl-(D-Thr)-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 
Cyclo-S-acetyl-{D-Pro)-Arg-Gly-Asp-Cys-OC2H5 

Cyclo-S-acetyl-(D-Pro)-Arg-Gly-Asp(OC2H5)-Cys-OH 
Cyclo-S-acetyl-(D-Pro)-Arg-Gly-Asp(OC2H5)-Cys-OC2H5 
■ " ; ' • Example 15 

Cyclo-S-acetyHD-Tyr}-Arfl-Gly-Asp-Cys-NH2 




. xX CONH; 



20 



Synthesis of the tflle compound was accomplished using standard Boc-synthetic protocols on a 4- 
metr^reylro*ylaniine resin to obtain first a linear peptide as described in Example 1. Cleavage of the linear 
peptide from the resin with hydrogen fluoride followed by cyclizafion as described in Example 2 affords the title 
compound after HPLC purification. HPLC retention fine: 18 minutes. Molecular weight Calc: 651.2. Obs. (FAB 
mass spectrum): 8512 (M+1). 



WO 91/01331 PCT/US90/03788 

, 35 

Using this procedure the foliowbg compounds are analogously obtained 
Cyclo-S-acetyl-(D-Ala)-Arg-Giy-Asp-Cys-NH2 
Cyclo-S-acetyI-(D-Val)-Arg-Gly-Asp-Cys-NH2 
Cyclo-S-acetyI-(D-Leu)-Arg-Gly-Asp-Cys-NH2 
5 Cyclo-S-acetyl-(D-lle)-Arg-Gly-Asp-Cys-NH2 
Cyclo-S-acetyl-(D-Phe)-Arg-Gly-Asp-Cys-NH2 

Cyclo-S-acetyl-(D-Pro)-Arg-Gly-Asp-Cys-NH2 
CycIo-S-acetyl-Gly-Arg-Gly*Asp-Cys-NH2 

Example 16 

"•0 Cyclo-S^cetyl-Gly-Arg^aly-Asp-Cys-OH sulfoxide 

NH 2 




The punTied product from Exam^ 

15 pH of the solution was adjusted to 7. A 50% solution of hydrogen peroxide was added to make a final 
concentration of 3% hydrogen peroxide and the resulting reaction mixture was stirred overnight at room 
temperature. The solution was loaded cfirectly onto an octadecylsilyl reverse phase chromatography column. The 
sulfoxide isomers formed in the reaction were eluted with a linear gradient of acetonitrile in 1 % trifiuoroacetic 
acid in water. Isomer 1 eluted at 35 minutes. Isomer 2 eluted at 4 minutes. 

20 For both isomers: Molecular weight (calc) 5622. Found (FAB mass spectrum): isomer 1 : 563.3; isomer 2: 563.3 
(M+1). 

Example 17 . 
Preparation of cyclic thioether sulfoxides 
Application of the procedure of Example 16 to thioether peptides spared in Example 4 and sho^ in 
25 Table I and in to peptides prepared by the procedure in Example 15 affords the sulfoxide stereoisomers of 
Formula VIII listed in Table 3 where Ri 4 is hydrogen, Rg is OH, arid X is SO. 
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NH, 




VIII 

Table 3 
Sulfoxides of Formula VB 



Rl 


R2 


R3 


R4 


R5, R6 


R7 


R8 


MW 1 


MW 2 
















(calc) 


(obs) 


OH 


H 


1-hydroxy- 


H 


H, H 


H 


H 


606.2 


607.1 


OH 




1-ethyl 










H 


1-hydroxy- 


H 


H,H 


H 


H 


606.2 


607.1 






ethyl 










OH 


H 


4-hydroxy- 


H 


H, H 


CH3 


CH3 


680.2 


681.1 


OH 




benzyl 










H 


4-hydroxy- 


H 


H, H 


CH 3 


CH 3 


680.2 


681.1 






benzyl 










OH 


H 


(4) 


(4) 


H,H 


H 


H 


602.2 


603.2 


OH 


H 


(4) 


(4) 


H, H 


H 


H 


602.2 


603.2 


OH 


H 


2-methyl- 


H 


H.H 


H 


H 


618.3 


619.2 


OH 




1 -propyl 












H 


2-methyl- 


H 


H, H 


H 


H 


618.3 


619.2 






1 -propyl 












OH 


H 


* * 

4-amino-l- 


H 


H.H 


H 


H 


633.2 


634.0 


OH 




butyl 














H 


4 -amino- 1- 


H 


H, H 


H 


H 


633.2 


634.0 






butyl 










OH 


H 


2-propyl 


H 


H, H 


H 


H 


604.2 


605.1 


OH 


H 


2-propyl 


H 


H.H „;!' 


H 


H , 


604.2. 


605.1 
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OH 
OH 

NH 2 
NH 2 

OH 
OH 



OH 
OH 

OH 



H 
H 

H 

H 

H 
H 



H 
H 

H 



OH H 



OH benzyl 
OH benzyl 



H H 

H H 

4-hydroxy- H 
benzyl 

4-hydroxy- H 
benzyl 

4-hydroxy- H 
benzyl 

4-hydroxy- H 
benzyl 

benzyl H 

benzyl H 

hydroxy- H 
methyl 

hydroxy- H 
methyl 

H H 

H H 



H, phenyl H H 

H. phenyl H H 

H, H H H 

H, H H H 

H, H H H 

H,H H H 

H, H H H 

H.H H H 

H.H H H 

h,h ; , h ; h 



H.H . H H 

H» H H H 



638.2 639.0 16 

638.2 639.0 18 

667.2 668.3 12 

667.2 668.3 15 



6.68.2'669.2 12 



668.2 669.2 16 



652,2 653.3 11 

652.2 653.3 20 

592.2 593.1 3 ' 

592.2 593.1 5 



652.2 653.3 20 
652.2 653.3 23 



Notes- ' 

(1) Calculated molecular weight of the peptide. 

(2) Observed molecular weight for M+1, where Mfe the molecular ton, based on FAB 

(3) Observed diromatographic retention time of ttie pepfide in minutes determined using the conditions given in 
Example 2. .. v. 

(4) R 3 + R4 = CH2CH2CH2. 
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Example 18 
Synthesis of the comport of Formula IX 



C0 2 H 




x\C0 2 H 



CH 3 o 



IX 



10 



15 



20 



a-FMOC-amhoadipic add 5-aIlyiester was coupled to Wang resin with dusopropytearbodfimide and a 
catalytic amount of 4^methylamropyrfcfine in dichionomethane solvent The FMOC-group was then removed with 
20% piperidine in N,NKfimethylacetamide. Standard FMOC synthesis chemistry was then used to add the Asp, 
Gly, Arg, and D-Val residues. After the coupBng of the D-Vai residue, treatment of the resin-bound peptide with 
0 J equivalents of tetrata"s(triphenyiphospKne)paiia(fiun(0) in N,N-cfimethylaceiamide containing 20% piperidine 
resulted in removal of the ally! and FMOC goups. The resin-bound peptide was then washed 5 times with 5% N- 
methylmorphofine in N,N-dmethyIaceiamide. The pepfide was then cycfized with 2 equivalents of BOP reagent 
Cleavage of the peptide from the resin was accomplished by treatment with trifluoroacetic acid : triethylsilane 
(982). The peptide was purified by HPLC as described in Example 2. HPLC retention time: 14 minutes. 
Molecular weight calc: 556.3. obs.(FAB mass spectrum): 557J3. 

Example 19 , 
SynthesteofcompcxixbdRjmijJaVffl 

The compounds of Fomuia VIII in wtich Rt and R9 are OH, R5, R6 t R7, Re, and Ru are hydrogen, the 
group X is (CHjfo where k is 0 or 1 , m is 1 , and n is 3 are prepared using the procedure of Example 18. In Table 4 
k * 0 means glutamic add and k = 1 means aminoatfpfcackL 
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R2 
H 

H 
H 

H 

; h 

H 
H 

H 

H 

H 

H 
H 

H 

4-hydroxy- 
benzyl 

H 

< 5 > 
H 

H 
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Table 4 

Cyclic Peptides Curtaining ghrtamlcor2^Tiinoadlpicacid 



R3 

1 - hydroxy- 

ethyl 

2-propyl 

2- methyl- 
1 -propyl 

3- indolyl- 
methyl 



R4 MW 1 MW 2 RT 3 

(calc) (obs) 
H 558.7 559.3 10 



H 556.3 557.0 14 



H 570.3 571.0 22 



H 643.3 644.3 36 



4-amino-l- H 585.3 586.3 
butyl 



benzyl 



H 604.3 605.2 



2-methyIthio H 588.2 589.2 
-l-ethyl 



hydroxy- 
methyl 

4-hydroxy- 
benzyl 

2-carbox- 
amidoethyl 

(4) 

carbpxamido 
-methyl 

methyl 

H 



carboxy- 
methyl 

(5) 
2-propyl 

4-hydroxy- 
benzyl 



29 
16 



H 544.2 545.2 7 

H 620.2 621.0 18 

H 585.2 586.2 8 

(4) 554.2 554.8 13 

H 571.2 572.2 6 

H 528.2 529.0 10 

H 620.2 621.0 18 

H 572.2 573.2 9 

H 554.2 555.1 10 

H 570.2 571.1 15 

H 634.2 635.1 16 



k 
0 



0 
0 



0 
0 

0 
0 



0 

1 
1 



5 Notes 

(1) Calculated molecular weight of the pepfide. 

(2) Observed molecular weight for M+1, where M is the molecular ion, based on FAB mass spectrometry. 



• 



WO 91/01331 ^»CT/US90/03788 

40 

(3) Observed chromatographic retention lime of the peptide in minutes determined using the conditions given in 
Examples 

(4) R3 + R4 = CH2CH2CH2 

(5) R2 + R4 = CH2CH2CH2. 

5 Example 20 

L*RKX>Arnlr»^H^^ 

Slow distillation of a solution of N-CBZ-D-serine methyl ester, tlirnethoxyproparie (5 eoj and a catalytic 
amount of pyriaTnum p-toluenesuHonate (0.014 eq) in b^ne resulted m tte dean formafion of tre melr^ 
Chz-2^HlimerfivloxazoBdirB4- carboxylate. Reduction of the methyl ester with UBH4 (3 eq) in 2:1 ethanol- 

10 THF gave 3- Cbz-2^methyloxazondine^- methanol. Swem oxidation with (COCI)2 (2 eq), DMSO (4 eq) and 
EJ3N (5 eq) in CH2CI2 gave the 3- Cbz-2,2-dimethyioxazolidine-4- carboxyaldehyde which was reductivety 
aminated wilh glycine benzyl ester hydrochloride (5 eoj arrf r^r^CN (1 eq) in metranol to give 4- (N- 
berizytoxycarboi^etrorO-aminon^ Cbz-2,2-dimelhyloxazolidine. The resulting amine was protected as 
ttie Boc derivative using B0C2O (1 J25 eq) and NaHC03 (1 -4 eq) in 2:1 THF-H2O. Hydragenafion of a methanoOc 

15 solution of 4- (N-t-rjutytoxycarbon^^ 

obtained in the previous step, at 50 psi in the presence of 10% Pd-C, the CBZ and benzyl ester groups were 
cleaved and the oxazolidine ring hydrotyzed, giving L-2-amir»-3-{N-t-butoxyc^ 
propanoL The FMOC group was appended to the 2-amino function using N-{9- 
fluorenvimettoxycarbor^^ 

20 of the twarboxyl group using aByl bromide (7 eq) awl rM1fX3(2ieq) in DMFfoltowed by Jones oxidation (3 
eq) of the primary alcohol gave the desired title compound. 

■ Example 21 • 
I^RMO(>0*llytaxycarbc)ny^ 

aallylation of N-CBZ-L-serine in DMF solution was achieved by sequential treatment with NaH (22 eq) and 
25 ally! bromide (1.1 eq). The carboxylic acfcl was converted to the lerfbutyl ester using isobutylene and H2SO4 in 
; methylene chloride to afford O-aDyt-N-Cbz-L-serine t-butyl ester. Cleavage of the terminal olefin of the allyl 
group by ozonoiysis in methanol with a dimethylsulfkteworlajpgavete 

reduced to 0-(2-hydroxy-1 -ethyl)- M-Cbz-L-serine t-butyl ester with NaBH4 (1 eq). The FMOC group was 
introduced by first reducfively cleaving the CBZ group at 50 psi H2 in methanol over 10% Pd-C catalyst, then 
30 reprotecfing the resulting free amine with fluorenylmethylchloroformate (1.15 eq) and NaHCC-3 (1-8 eq) in 2:1 
THF-H2O. Jones oxidation (3 eq) of the alcohol on the hydroxyethyl group gave FMOC-O-carboxymetriyl-L- 
serine-t-butyl ester,' which was treated with aHyl rjromide(3eq).arxlNaHCC)3(1^eq) inDMFto giverWC<)- 
allyloxycatwr^memyl-L^rine-t-butyl ester. Finally, the t-butyl. ester was removed with trifluoroacetic acid 
giving the desired N-FMOC-C^ltyloxycarbonylmethyl-L-seririe. 

Example 22 

Synthesis of cyclic peptides of Formula Via derived from CMartxjxvmethyl-L-serlne and 3^arDmrymethyl)- 
2£darrino|*opionlcacld 

The protected amino acids from Examples 20 and 21 were coupled to Wang resin using 
oTisopropykartxxiimide and catalytic 4Kfimethylaminopyridine. Sta ndard FMOC sofid phase synthesis, protocol 
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was used to couple the Asp, Gly, Arg and selected D-amino acid residues. Thus, coupling steps were carried out 
using BOP and N-methyl morphoGne in N,N-dimethytacetamide. Deprotections were performed with 20% 
piperidine in N^-dmethytacetamide. Cleavage of the ailyf ester groups was effected with (Ph3P)4Pd in 20% 
piperkline/N^^ethyiacetamide. The peptide was cycfized while sSO attached to the resin using 
5 cfiisopropylcartxjdHmide and a catalytic amount of N-hydroxybenztriazole in cfichloromethane to effect cyclization 
The cycfized peptides were cleaved from the resin with trifluoroacetic add and purified on reverse phase HPLC. 
The peptides prepared by this route are derivatives of Formula Vlil wherein Ri and R9 are OH, R2, Ffc, Re, 
R7, R& and R 1 4 are hydrogen, n is 3 and m is 1 and the rem airing subsfituente are as shown.. 

*3 X MW(calc) 1 MW(obs)2 rt3 



2-propyl 


NH 


571.2 


572.3 


8 


4-hydroxybenzyl 


NH 


635.2 


636.3 


25 


4-hydroxybenzyl 


0 


636.2 


637.2 


18 



10; ■ ' . .. . 

Notes 

(1) Calculated molecular weight of the peptide. 

(2) Observed molecular weight for M+1 , where M is the molecular ion, based on FAB mass spectrometry. 

(3) Observed chromatographic retention time of the peptide in minutes determined using the conditions given in 
15 Example! 

Example 23 
Jnhaftlon of tolnogen binding to GPItoDla 
MicroBter plates are coated with fibrinogen (10 jig/ml) and then blocked with TACTS buffer 
containing 0.5% BSA. (TACTS buffer contains 20mMTris.HCI f pH 7.5, 0.02% sodium azide, 2 mM calcium 
20 chloride, 0.05% Tween 20, 150 mM socfium chloride.) The plate is washed with phosphate buffered saline 
containing 0.01% Tween 20 and a dilution of the sample to be determined added, followed by addffi 
solubifized I lb! I la receptor (40]ig/ml) in TACTS, Of % BSA. After incubation, the plate is washed and murine 
monoclonal anti-platelet antibody AP3 (1 jig/ml) added After another wash goat and anti-mouse IgG conjugated 
to horseradish peroxidase is added A final wash is performed and developing reagent buffer (10 mgo- 
25 phenylenediamine dihydrocMoride, 0.0212% hydrogen peroxide, 022 mM citrate, 50 mM phosphate, pH 5.0) is 
added and then incubated until color developed. The reaction is stopped with 1 N sulfuric acid and the absorbance 
at 492 nm is recorded and the IC50 values determined The results are recorded in Table 5. 

Tables 

30 InWbWantfRbrino^ 

Rl R2 R3 R4 R5/R6 R7 R8 R9 X FBI * 

OH H (2) . (2) H,H H H OH S 0.95 
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OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

OH H 

NH 2 H 

OH H 

OH H 

OH H 



OH H 



OH H 



1-hydroxy- H 
1 -ethyl 

H H 



H H 

4-hydroxy- H 
benzyl 

1-hydroxy- H 
1 -ethyl 



1-hydroxy 
1 -ethyl 



4-hydroxy- 
benzyl 

4-hydroxy- 
benzyl 

H 

H 

2-propyl 
(2) 

2-propyl 

2-methyl- 
1 -propyl 

methyl 

4-hydroxy- 
benzyl 

4-amino-l - 
butyl 



H 



H 



H 



H 

H 

H 

H 

(2) 

H 



H 
H 

H 



carboxamido H 
methyl 



H 



2-propyl H 

4- H 

imidazolyl- 

methyl 
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H, H 



H, 1- 
naphthyl 

H.H 

H.H 

H, phenyl 
H.H 



H, 4- 

biphenyl 

H, H 



H.H 

H, phenyl 

H.H 

H.H 

H.H 

H.H 

H.H 

H.H 
H.H 

H.H 
H, H 

H, 2-tri- 

fluoromethyl 

-phenyl 

H.H 

H.H 



H H 



H H 



H 



H 



H H 



H H 



H H 



OH 



OH 



OH 



OH 



OH 



OH 



OH 



H H 



H H 



OH 



OH 



CH3 CH3 OH 



H 



H H 



H H 



H H 



H H 



H H 



OH 
OH 
OH 
OH 

OH 
OH 



H H 



H H 



OH 



OH 



H H 



H H 



OH 
OH 



1.3 



1.4 (5) 



SO 1.4 (J) 
SO 1.5 (7) 



1.7 (5) 



SO 1.8 a) 



1.9 (5) 



CH3 CH3 OH SO 1.9 (7) 



S 2 (5) 

S 2 

S 2 

SO 2.1 (7) 

CH2 2.2 

SO 2.3 (7) 

S 2.5 

S 2.5 



H.H OH SO 2.6 (7) 



2.7 



2.7 (5) 



SO 2.9 (7) 
S 3.0 
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OH 


H 


2-methyl- 
1 -propyl 


H 


H.H 


H 


H 


OH 


S 


OH 


H 


4-hydroxy- 
bexizyl 


H 


H, phenyl 


H 


H 


OH 


* 

S 


OH 


H 

* 


H 


H 


H, 4- ■ 
hinhenvl 


H 


H 


OH 


s 


OH 


H 


4-hydroxy- 

U & Xi a> jr I 


H 


H.H 


H 


H 


OH 


CH 


OH 


H 


H 


H 


H, 2- 

uapninyi 


H 


H 


OH 


S 


OH 


H 


2-methyl- 

thioethvl 

bXX X w w LAX T 1 


H 


H.H 


H : 


H 


OH 


S 


OH 


H 


hydroxy- 

methvl 


H 


H, H 


H 


H 


OH 


s 


OH 


H 


3^indolyl- 
methyl 


H 


H, H 


H 


H 


OH 


s 


OH 


H 


carboxamido 


H 


H.H 


H 


H 


OH 


s 


OH 


H 

XX 


w 


XT 
XI 


XI, *r-IXl- 

fluoromethyl 

nn^Ti vl 
JJIlCU j 1 


TT 

rl 


TT 

XI 


Oxi 


c 


OH 


H 


H 






W 

XI 


TT 

XI 


OH 

XJa. 




OH 


H 


H 


H 


H.H 


H 


H 


OH 


s 


OH 


H 


2-propyl 


H 


H.H 


H 


H 


OH 


. NH 


OH 


H 






WW 


XT 

n 


TT 
XI 






NH 2 


H 


4-hydroxy- 
benzvl 


H 


H» H - 


H 


H 


OH 


SO 


OH 


H 


4-hvdroxv- 
benzyl 


H 


H. H 

X.X^ XI 


w 

XI 


w 

XI 


ATJ 




OH 


H 


H 


H 


H. 1- 
naphthyl 


H 

XX 


TT 

XX 


OW 


C 
o 


OH 


H 


H 


H 


H, 1 -propyl 


H 


H 


OH 


s 


OH 


H 


3-amino-l- 
propyl 


H 


H, H 


H 


H 


OH 


s 


OH 


benzyl 


H 


H 


H,H 


H 


H 


OH 


SO 


^ OH - 


H 


H 


H 


H. 3-tri- 


H 


H 


OH 


s 



3.0 



3.0 



3.5 (6) 



3.8 (5) 



4.0 



4.0 



4.0 



4.0 



4.0 (5) 



4.2 



5.3 (6) 

5.4 (5) 
5.6 



5.7 (5) 



flnoromethyl 
phenyl 
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OH 


H 


* 


H 


H, ethyl 


H 


H 


OH 


S 


6.0 (5) 




XT 

ri 


2-outyl 


H 


H.H 


H 


H 


OH 


S 


6.0 


OH 


H 




XT 
XI 


■ TT TT 

xl, H 


H 


H 


OH 


SO 


6.6 C7) 


OH 


4-imida- 
methyl 


H 


H 


H.H 


H 


H 


OH 


S 


6.8 

■ 


Vyxl 


oenzyi 


XT 


H 


H, H 


H 


H 


OH 


S 


7.0 


OH 


H 


i -Jiy uxuxy- 

1-ethyt 


XT 
XI 


H, phenyl 


H 


H 


OH 


S 


7.0 (6) 




XI 
XI 


4^hydroxy- 
benzyl 


H 


H, H 


CH 3 


CH 3 


OH 


S 


7.0 


un 


XT *''' 


(2) 


(2) 

> 


H.H 


H 


H 


OH 


SO 


7.0 (8) 


OH 


H 


4-amino-l- 
butyl 


H 


H, H 


H 


H 


OH 


S 

• • 


7-5 

* 


OH 


H 


*r-nyoroxy- 
benzyl 


TT 

XI 


TT TT 

H, H 


H 


H 


OH 


NH 


8.0 


OH 


H 


hydroxy- 
methyl 


H 


H, H 


H 


H 


OH 


SO 


8.0 


OH 


CH 3 


H 


H 


H.H 


H 


H 


OH 


S 


9.5 


OH 




2-propyl 


H 


H.H 


; H 


H 


OH 


0 


9.7 


OH 




i-iiyaroxy- 
1 -ethyl 


XT 

H 


H.H 


H 


H 


OH 


SO 


10 (8) 


OH 


(3) 


H 


(3) 


H, H 


H 


H 


OH 


S 


11.4 


OH 


H 


H 


H 


H, 2- 
riaphthyl 


H 


H 


OH 


s 


11.5 (6) 


OH 


1- 

hydroxy- 


H 


H 


H. H 


. H 


H 


OH 


s 


11.6 

4 


eth- 
oxy 


H 


*r-nyuroxy- 
benzyl 


' XT 
XI 


TT TT 

Hi H 




* 

H 


OH 


s 


12 


OH 


H 


4-amino-l- 
butyl 


H 


H.H 


H 


H 


OH 


so 


.14 (8) 


OH 


H 


H 


H 


H, phenyl 


H 


H 


OH 


s 


15 (6) 


OH 


H 


2-carboxy- 


H 


H.H 


H 


H 


OH 


s 


15 



1 -ethyl 
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OH 


1 -butyl 


H 


. H 


H. H 


11 


n 




o 


1 D 


OH 


H 


benzyl 


H 


H. H 

l"Ay 11 


ii 


W 
xi 






10 


OH 


2-propyI 


H 


H 


H, H 


H 


H 
ii 


OH 


c 

o 


1 7 


ATT 

OH 


2-butyl 


XT 

H 


H 


H,H 


- H 


H 


OH 


S 


18 


OH 


H 


H 


H 


H f H 


H 


H 


OH 


S0 2 


18 


OH 


4- 


H 


H 


H»H 


H 


H 


OH 


s 


20 



OH 



hydroxy- 
benzyl 



OH H 



H 



OH 4-amino- H 
1 -butyl 



OH H 



OH H 



H 



OH hydroxy- H 
methyl 



OH H 



H 



OH H 

OH H 
OH 



carboxy- 
methyl 

H 



2- H 
methyl- 
thioethyl : 

3- H 
indolyl- 
methyl 



OH 3-amino- H 
1 -propyl 



OH benzyl 
OH 



H 



carbox- H 
ami do 
methyl 



OH benzyl H 
OH H H 



H 
H 



4-hydroxy- H 
benzyl 



H 
H 

H 



H 

H 
H 



H 



H 

H 
H 



H 
H 



H, ethyl 
H, H 

H, H 



H H 
H H 

H H 



H, 1 -propyl H H 
H, H H H 



H, 2-tri- H H 

fluoromethyl 

phenyl 



H, H 

H, H 
H, H 



H H 

H H 
H H 



H, H 



H H 



H» H 

H.H 
H.H 



H H 

H H 
H H 



H.H 



H H 



H, 3-tri- H H 

fluoromethyl 

phenyl 



OH 
OH 

OH 

OH 
OH 

OH 



OH 

OH 
OH 



OH 



OH 

OH 
OH 



OH 
OH 



S 20 (6) 

S 20 

O 20 

S 21 (6) 

S 22 

S 23 (6) 



S 25 

SO 25 (8) 
S 28 



S 

s 



29 



S 31 

SO 33 (8) 
S 35 



35 

35 (6) 
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OH 


is butyl 


H 


H 


H, H 


H 


H 


OH 


S 


38 


OH 


H 


H 


H 


H,CH 3 


H 


H 


OH 


S 


39 


NH 2 


H 


4-hydroxy- 
benzyl 


H 


H, H 


H 


H 


OH 


SO 


39 (8) 


OH 


H . 


H 


H 


H, H 


H 


H 


OH 


0 


42 


OH 


H 


H 


H 


H, phenyl 


H 


H 


OH 
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OH 


H 
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H 


H, H 


H 


H 


OH 


so 


50 (8) 


OH 


H 


2-methyl- 
1 -propyl 


H 


H, H 


H 


H 


OH 


so 


50 (8) 


OH 


2- 

carbdx- 

* * 

ami do 
ethyl 


H 


H 


H.H 


H 


H 


OH 


s 


no 


eth- 
oxy 


H 


4-hydroxy- 
benzyl 


H 


H, H 


H 


,H 


ethoxy 


s 
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OH 


H 


H 


H 


H, 4-tri- 
f luoromethyl 
phenyl 


H 


H 


OH 


s 


180 (6) 


OH 


2- 

carboxy- 
ethyl 
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H 


H.H 


H 

• 
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OH 
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H 


H 
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OH 


H 
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H 


H, H 


H * 


H 


OH 


(4) 


1.05 


OH 


H 


2-propyl 


H 


H.H 


H 


H 


OH 


(4) 
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OH 


H 
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H 


H.H 


H 


H 


OH 


(4) 


3.0 




TT 

H 
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H 


H, H 


H 


H 


OH 


(4) 


4.0 


OH 


H 
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H 


H, H 


H 


H 


OH 
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OH 


H 


benzyl 


H 


H.H 


H 


H 


OH 


(4) 


6.0 



OH H 



2-methylthi H 
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H.H 



H 



OH . (4) 8.0 
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OH H 



OH H 



OH H 



OH H 



OH H 



OH H 



OH 4- 



hydroxy- 
methyl 



H 



4-hydroxy- H 
benzyl 

2-carbox- H 
amidoethyl 



47 
H, H 



H, H 



H, H 



(2) 



(2) H.H 



carboxamido H 
-methyl 



methyl 



H 



H 
H 



hydroxy- 
benzyl 



H, H 

H, H 
H» H 



H H OH (4) 10 



H H OH (4) 11.2 



H H OH (4) 12 



H H OH (4) 12 
H H OH (4) 25 



H H OH (4) 41.5 
H H OH (4) 60 



OH H 



OH (3) 



carboxy 
methyl 

(3) 



H 



H 



H, H 



H, H 



H H 



H H 



OH 



(4) 6 7 



OH (4) 360 



* Fibrinogen Binding Inhibition 1 IC50 (nM) 
Notes 

(1) Fibrinogen btndffig irtfibiSon assay data is from Example 23. The IC50 values are in nanomolar trits. 
5 (2} R3 + R4 « CH2CH2CH2 

(3) R2 + R4 « CH2CH2CH2 

(4) X - (CH2)k and k is 0. 

(5) IC50 for the more active isomer at R5/R6 

(6) IC50 for the less active isomer at R5/R6. 
.10 (7) IC50 for the more active sulfoxide isomer 

(8) IC50 for the less active sulfoxide isomer. 

Example 24 
InhtoMon of platelet aggregation 

Fifty milliliters of whole human blood (9 parts) is drawn on 3.6% sodium citrate (1 part) from a donor 
15 who has not taken aspirin or related medications for at least two weeks. The blood is centrifuged at 160 x g for 
10 min at 22° Carxi then allowed to stand for 5 m in after Platelet poor plasma 

(PPP) is isolated from the remaining Wood after centrifugation at 2000 x g for 25 min. The platelet count of the 
PRP was diluted to ca. 300000 per microliter withPPP. 

A 225 aliquot of PRP plus 25 pi of either a dilution of the test sample or a control (PBS) is 
20 incubated for 5 min in a Chrono4og Whole Blood Aggregometer at 25° C. Adenosine diphosphate (ADP, 8 \M) is 
added and the platelet aggregation recorded. The results of this test are recorded in Table 6. Where the . 
possibility of stereoisomers exists, the values in Table 6 are for the most active stereoisomers. 
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* Platelet Aggregation Inhibition 1 ICso&iM) 
Notes 

(1) Platelet aggregation inhibition assay data is from Example 24. The IC50 values are in micromolar units. 
5 (2) R3 + R4 = CH2CH2CH2 
(3) X o (CH 2 )k and k is 0. ; 

In view of the efficacy of these cycfic polypeptides as inhibitors of fibrinogen binding to GP llbllla, and 
the feasibility as demonstrated herein of producing these cyclic polypeptides, the present invention may have 
application in the treatment of a large group of disorders associated with, or characterized by, a hyperthrombotic 
10 state. Representative of such disorders are genetic or acquired deficiencies of factors which normally prevent a 
hyperthrombotic state; medical procedures such as angioplasty and thrombolytic therapy; mechanical obstructions 
to Wood Row, such as tumor masses, prosthetic synthetic cardiac valves, and extracorporeal perfusion devices; 
atherosclerosis; and coronary artery disease. 

The present invention has of necessity been discussed herein p reference to certain spedfic methods 
15 and materials. It is to be understood that the diso^sfen of these spedfic methods and m^ 

constitutes any SmHation on the scope of the present invention, which extends to any and all alternative materials 
and methods suitable for accomplishing the objecth^of thepresertiwention. 
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What Is claimed is 



50 



1. 



A compound of the formula: 



NH, 



NH 




NH 



(CH^n 



CORg 



COR, 




wherein . ' . 

Rl and Rg are the same or Afferent and are selected from 
10 hydroxy, - '- 

Ci-Csalkoxy, _ f v 

; C3-Ci2akenoxy, 
C6-Ci2arytoxy, 
. (fi-Ci-Cs aikylamino-Ci-C8-alkoxy, 
15 acy^ino^i^g-alkoxy 

7 succinanrodoethbxy, 
pivabybxyethoxy, 

C6-C1 2 aiyl-Ci -Cs-alkoxy where the aryi group is unsubsfituted or substituted with one or more of 
the groups nitre, halo (F, CI, Br, I), Ci-Csalkoxy, and amino, 
20 hydroxy-C2-C8-alkoxy, 

dihydroxy-Cs-Cs-^toxy, and 

NR10R11 wherein Rio and Riiaie thes^ 

C6-Ci2-aryl where the aryi group is unsubsfituted or substituted wiBi one or more of the 
• groups . . '.' • 
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nitro, halo (F, CI, Br, I), Ci-C4-aIkoxy, and amino, C6-Ct2-aryl-C-|-C8-alkyl where 

the aryl group is unsubstituted or substituted by one or more of the groups nitro, 

v halofF.CI, Br^.Ci^-alkoxy.andamino; 

R2. R3. R5. Rfc R7.R8 are the same or different and are seJectedfrom 

5 •. hydrogen, 

C6-C12 aryl where the aryl group is unsubstitutBd or substituted by one or more of the groups nitro, 

hydroxy, halo (F, Q, Br f I), Cj-Cs alkyl, hak>^i-Cg alkyl, Ci-Cs-alkoxy, amino, phenyloxy, 

phenyl, acetamkto, benzamido, &Ci<% alkyiamino, Cj-C8 alkyiamino, C6-C12 aroyl, Ci-Cs 

* 

alkanoyl, and hydroxy-Cj-Cs alkyl, 

■r 

10 C1-C12 alkyl either substituted or unsubstituted, branched or straight 

are selected from halo (F, CI, Br, I), • 
Ci-Cgalkoxy, 

< -~ ; • C6-Cl2aryloxy where the aryl group is unsubstituted or substituted by ore 

#oups nitro, hydroxy, halo (F, Q, Br, I), Ci-Cs alkyl, Cj-Cs^alkoxy, amino, 
15 phenytoxy, acetamido, benzamido, ^ 

Ce-Ci2 aroyl, and Ci-Cs alkanoyl, 
isothioureido, 
C3-C7 cycloalkyl, 

. urefcto, 
20 amino, 

Ci-Cs alkyiamino, . 
-di-Ct-Cs alkyiamino, 
hydroxy, 

amino-C2-C8 alkyithio, 
■ 25 amino-C2-C8 alkoxy, 

■ „ * * ■ ■ * 

. acetamido, 

benzamido wherein the phenyl ring is unsubstituted or substituted by one or more of the 
groyps nitro, hydroxy, halo (F, CI, Br, I), Ci-Cs alkyl, Ci-Cs-alkoxy, amino, 
phenyloxy, acetamido, benzamido, di-Ci-Cs alkyiamino, Ci<?8 alkyiamino, C6-C1 2 
30 / aroyl, and Ci-Cs alkanoyl, 

, C6-C12 arylamino wherein the aryl group is unsubstituted or substituted by one or more of 
the groups nitro, hydroxy, halo, C1-C8 alkyl, Ci-Cs-alkoxy, amino, phenyloxy, 
acetamido, benzamido, cfi-Ct-Cs alkyiamino, Ci-Cs alkyiamino, C6-C12 aroyl t and 
Ci-Cs alkanoyl, 

35 guankfino, 

phthaBmido, . 
mercapto, 
Ci-C8alkyltKo, 
Ce-Cl2arylthio, 
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carboxy, 

carboxamide, ' 
carbo-Cj-Csalkoxy, 
C6^1 2 aryi wherein the ar^ 

5 gn»|)s naro, hydroxy, halo, Ci-Ca alkyl, Ci-Ca-altoxy, amino, phenyloxy, acetemido, 

benzamido, cfi-Ci -Cs alkyiamino, Ci -Cs alkyiamino, hydroxy-Ci -Ca alkyl, C6-C1 2 
aroyl, and C1-C8 alkanojd, and 
aromatic heteroc^ 

.\ . two 0, N, or S heteroatoms; 
10 ^andR&RsarxlR^orR/andRan^^ 

heterocyclic ring of from four to seven atoms vi^re the heteroatoms are selected from 0,S or NRi 2 
, where R1 2 is selected from 

hycfrogen, Ci^8^ 
1 . ' , afcanoyl, and C6-C12 aroyl, " 

15 R4 is selected from ; ' / * ' .• 

hydrogen, : ' ' > * • 

Ci-Ca alkyl, ; ^ 

C3-C10 cyctoalkyl, 

C6 J Ci2aryi,and ! ■ / 

20 C6-Ci2aryl-Ci-C8-aikyi; 

R2 or R3 may be optionally joined with R4 to form a piperidro, pyrrolidine or thiazolfcfine ring; 
Ru is selected from . ' • . •/. ... •• ' ; 

hydrogen, Ci-Cs-aB<y!, C3-Ca-alkenyl, CfrCi2-aryl, and C6-C12 aryl-Ci-Ca-alkyI; 
X is selected from ■• ; ; 

25 anOorSatom, • . • ' •. 

an S atom bearing one or two 0 atoms, 
, NR13 wherein R13 is hydrogen, Qt-Ca-alkyi, C3-Ca-aIkeny! f C6-Ci2-aryl, Ce-C^-aryl-Ci-Cs-alkyl, 
Ci-Cs aikanoyl,and CG-C12 aroyl, and 
C6-C12 aryl, ■ : ' * 

30 f -* '' Ci^-alicanbyi, - 

(CH2)k where k is an integer from 0 to 5; 
n is an integer from 1 to 6; 
. m is an integer from 0 to 4; and 

pharmaceutical^ acceptable salts thereof. V : 
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A compound of the formula 



53 



NH, 



NH 




NH 



CORg 



,xW COR i 




5 wherein 

Rl and R9 are the same or different and are hydroxy, NH2,Ci-C4 alkoxyabenzyioxy; 
R2is hydrogen 
R3 is selected from 
hydrogen, 

10 C1 -C5 alkyi branched or unbranched, unsubstituted or substituted with substituents selected from 

, ■ amino, hydroxy, mercapto, methyl 

hydroxyphenyl, 4-methoxyphenyl, 3-indolyi, and 4-imidazolyl, 
phenyl either unsubstituted or substituted with one to three substituents te^ 

nitro, hydroxy, halo (F, CI, Br, I), C1-C4 alkyl, Ci-C4-alkoxy, amino, phenyioxy, phenyl, 
15 acetamicto,benzamido ( dWi-ty 

aroyl, and C1-C4 alkanoyl, 

1- naphthyl, 

2- naphthyl, 

2- thienyl, 
20 , 2-pyridyl, 

3- pyridyI, and 

4- pyridyl; 

R5 and R6 are independently selected from 
hydrogen, 
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Ci -Ce alky! either branched or unbranched, unsubstiluted or substituted with subslituents selected 
from amino, hydroxy, merc^^ 
4-methdxyphenyi, 3-indolyl, and 4-imkJazolyi, 

phenyl either uhsubsfituted or substituted with one to three subslituents that may be independently 
5 selected from nitro, hydroxy, halo (^^ 

phenyl, acetamido,benz^^ 
C12 aroyl, and C1-C4 aBcanoyl, 

1- naphthyt 

2- naphthyl f 

10 2-thlenyl, 1 

■ \-;'y ' 2-pyridyi, ' ■ . , ;; • 

3- pyridy), and 

: ^v""--\- 4-pyridyl; ■ : ' . • : ^ ' ';' . ^ • ". 

R7 or Rg are the same or different and are selected from 
15; hydrogen, , V 

Chalky!, J 

phenyl either unsubstituted or substituted with from one to three substituents independently selected 
from hydroxy, halo (F, a, Br, I), C1-C4 afkyi, and Ci-C4-alkoxy; 
R4 is hydrogen or may be joined with R3 to forma heterocyclic ring selected from piperidine, pyrrolidine or 
20 thiazoGdne; 

R14 is hydrogen or methyl; 

X is selected from ; .,. 
anOorSatom, 

an S atom bearing one ortwoO atoms, 
25 NR13 where R13 is select 

benzoyl and . ... : ; 

(CH^k, where k is 0 to 5; 
nis3or4; 
mis1;and 

30 pharmaceutical^ acceptable salts thereof. 
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3. 



A compound of the formula 



55 



NH 




NH 



CORg 



(CHjJm 



COR, 




5 whereto 

Rl and Rg are the same or different and are hydroxy, NH2,Ci-C4 alkoxyorbenzykwy; 
R3 is hydrogen 
R2 is selected from 

.• hydrogen, • • .. ;■ . . \. . ...-./..•' 

10 Gl^alkyl branch or unbr^ 

; amino, hydroxy, mercapto, methylthio, caiboxy, carboxamkte, guanicfino, phenyl, 4- 
hydroxypheny!, 4-rnethoxypbenyi, 3-indolyl, and 4-imidazolyl, 
\ phenyl either unsubstituted or substituted with one to three substituents that may be independently 
nftro, hydroxy, halo (F, a, Br, I), C1-C4 alkyl, Ci-C4«alkoxy, amino, phenyloxy, phenyl, 
1 5 acetamido ( benzamido,dWi^ 

aroyl, and C1 -C4 alkanoyl, / 

1- naphthyl, V 

2- naphthyl, 

: • 2-thieny], \ ' ; : \' ' ■ ; , '. " , : . : 

20 : 2-pyridyl, 

3- pyridyl, and 

4- pyridyl; t 
R5 and R6 are independently selected from 

hydrogen, 
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Ct-Ce alkyi either branched or unbranched, unsubstituted or substituted with substituents selected 

from amino, hy*oxy, mercapto, carboxy, carboxamide, guanidino, phenyl or 4-h)*ircxyphenyl f 

4-methoxyphenyl, 3-indolyl, and 44mMazolyl, 
phenyl either unsubstituted or substituted with one to three substituents that may be independently 
5 ^^tomnitro,^ 

phenyl, acetamido, benzamido, di-Ci-C4 alkylamino, C1-C4 alkylamino, halo-Ci-C4 afkyl, Ce- 

C1 2 aroyl, and C1 -C4 aDcanoyl, 

1- naphthyi, 

2- naphthyl, 
10 2*ienyt 

2- pyridyl, 

3- pyridyl, and 

. 4-pyridyl; - ' v "•' • 

R7 or Rg are the same or different and are selected from 
15 _ hydrogen, : 

• Ci-C4alkyl, 

phenyl either unsubstituted or substituted with from one to three substituents independently selected 
from hydroxy, halo (F, CI, Br, I), C1-C4 alkyl, and Ci-C4-alkoxy; 
R4 is hydrogen or may be joined with R3 to to^ 
20 fliiazoSdne; 

R14 is hydrogen or methyl; 
X is selected from 

anOorSatom, 

an S atom bearing one or two 0 atoms, 
25 NR 13 where R13 is selected from hydrogen, benzyl, phenyl, Ci^alkanoyl, 

benzoyl and 
(CH2)k,wherekis0to5; 
n is 3 or 4; 
mis1;axJ 

30 phannaceutically acceptable salts thereof. 
4. Thecompouidofclam2wher»n 
RiandRgareOH; 

R2. R4. R5. R& R7» R8» and R1 4 are hydrogen; 
R3 is selected from 

35 hydrogen, 4-amino-1 -butyl, 3-amino-1 -propyl, hydrexymethyl, 2-hydroxy-l -propyl, methyl, 

ethyl, 2-propyl, isobutyt, n-propyi, n-butyl, 2-butyi, methyKKoethyl, benzyl, 4-hydroxybenzyl, 
4-melhoxybenzyl, 3-indolyImethyI, 4-imidazoiyimethyl, phenyl, carboxymethyl, carboxyethyl, 
ircdomethyt, and caiboxamidoethyi; 
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XisS;and 
n is 3 or 4. 

5. The conipoijxi of daim 2 wherein 
Rl and Rg are OH; 

5 R2, R4, R& R& R7. R& and R14 are hydrogen; 

R3 is selected from 

hyc^n, 4^no-1-butyl, 3^^ 

ethyl, 2-propyl. isobulyl, n-propyl. n-butyl t 2-butyl, methylthioethyl, benzyl, 4-hydroxybenzyf, 
4-methoxybenzyl, 3-indolylmelhyl, 44midazoiylrnethyl, phenyl, carboxymethyi, carboxyethyi, 
10 carboxamidomelhyl, and rarboxamidoethyi; 

X is SO; and 
n is 3 or 4. 

6. The compound of claim 2 wherein : . 

fll and R9 are OH; 

15 R2.R3.R4.R7.R8. and R14 are hydrogen; 

R5 and R6 are independently selected from hydrogen, methyl, ethyl, propyl Jsopropyl, butyl, isobutyl, 
benzyl, phenyl, 2-trifluoromethylphenyl f 3-trifiuoromethylphenyl, 4-trifIuoromethyiphenyI, 1- 
naphthyl, 2-ftaphthyl, 4-biphenyf, and pentafiuorpphenyl; 
XfeS;and 
20 n is 3 or 4. 

7. The compound of claim 2 wherein 
Rl and R9 are OH; 

R2. R3f R4. R7. Re. and Ru are hydrogen; 

R5 and Re are independently selected from hydrogen methyl, ethyl, propyl, isopropyl, butyl, isobulyl, 
.25 benzyl, phenyl, 2-tf fluoromethylphenyt, 3-Wfluoromethyiphenyt, 4-MfiuoromethyiphenyI, 1 - . 

naphthyi, 2-naphthyI, 4-brphenyi, and pentafluorophenyl; 
X is SO; and . * 

nis3or4. " ' • " 

8. The compound of dam 2 wherein 
30 Ri and R9 are OH; 

R2, R3. R4. R5. R& and R1 4 are hydrogen; 

R7 and Rs are independently selected from hydrogen, methyl and phenyl; 

XisS;and 

nls3or4. 

35 9. The compound of claim 2 wherein 

Rl and R9 are OH; 

R2.R3.R4.R5. R6. and R14 are hydrogen; 

R7 and Rs are Independently selected from hydrogen, methyl and phenyl; . 
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X is SO; and 



n is 3 or 4. 



10. 



The compound of claim 2 wherein 
RiandRgareOH; 

R2. R4. R?. Rft and R14 are hydrogen; 



5 



R3 is selected from 4-amino-1 -butyl, 3-amino-1 -propyl, hydroxymethyi, 2-hydroxy-1 -propyl, methyl, 
ethyl, 2-propyI, isobutyi, n-propyl, n-butyl, 2-butyi, methylthioethyl, benzyl, 4- 
hydroxybenzyl, 4-methoxybenzyl. 3-indolylmethyl, 4-imidazoiylmethyl, phenyl, carboxymethyl, 



Rl and Rg are OH; 

R2. R4. R7. R8. and Ru are hydrogen; 

R3 is selected from 4-amino-1-butyl, 3-amino-1 -propyl, hydroxymethyi, 2-hydroxy-1 -propyl, methyl, 

ethyl, 2-propyi, isobutyi, n-propyl, n-butyl, 2-butyl, methytttiioethyl. benzyl, 4- 

^roxybenzyi, 4-melhoxybe^ 

carboxyethy!, carboxami^^ 
R5 and Re are independently selected from hydrogen, methyl, ethyl, propyl, isopropyi, butyl, 

isobutyi, benzyl, phenyl, 2-trifluoromethyiphenyt, 3-trifluoromethylphenyl, ^ 

tnTluoromethy^ 



25 X is SO; and 

nis3or4. 

-12. The compound of claim 2 wherein 
RiandRgareOH; 

R2> R4, R5» R& and Ru are hydrogen; 
30 R3 is selected from 4-amino-1 -butyl, 3-amino-1-propyl, hydroxymethyi, 2-hydroxy-l-propyl, methyl, 

ethyl, 2-propyl, isobutyi, n^ropyl, n-butyl, 2-butyi, methylthioethyl, benzyl, 4- 
hydroxybenzyi, 4-methoxybenzyl, 3-Wolylmethyl, 44midazolyimethyl f phenyl, carboxymethyl, 
cartx>xyethyi, carboxamidomethyi, and carboxamidoethyi; 
R7 and Rs are independently selected from hydrogen, methyl and phenyl; 
35 XisS;and 

nis3or4. 
13. The compouid of claim 2 wherein 



10 




n is 3 or 4. 



15 



11. . The compound of claim 2 wherein 



RiandRgareOH; 

R2. R4. R5i R& and R14 are hydrogen; 
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R3 is selected from 4-amino-1 -butyl, 3-amino-l-propyt, hydroxymethyt, 2-hydroxy-1-propyl, methyl/ 
' ethyl, 2-propyl, isobutyl, n-propyl, n-butyl, 2-butyl, methylthioethyi, benzyl, 4- 
hydroxybenzyl, 4-methoxybenzyl, 3-indoiylmethyi, 44midazoiyf methyl, phenyl, carboxymethyl, 
carbaxyethyl, carboxamidomethyi, and carboxamidoethyi; 
5 R7 and Rs are independently selected from hydrogen, methyl and phenyl; 

X is SO; and 
nis3or 4. 

14. The compound of claim 2 wherein 
Rl and R9 are OH; 

10 R2, R3»R4t and R14 are hydrogen; , 

R5 and R6 are independently selected from hydrogen, methyl, ethyl, propyl, isopropyl, butyl, . 
isobutyl, benzyl, phenyl, 2-trifiuoromethylphenyl, 3-trifiuoromethylphenyi, 4- 
: ■ ■ trifluoromethylphenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, and pentafiuorophenyl; 

R7 and Rs are independently selected from hydrogea methyl and phen^ 
15 XisS;and 

* * * - w 

n is 3 or 4. 

15. The compound of claim 2 wherein 
RiandRgareOH; 

R2.R3.R4. and R14 are hydrogen; 
20 R5 and Re are independently selected from hydrogen, methyl, ethyl, propyl, isopropyl, butyl, 

isobutyl, benzyl, phenyl, 2-trifluoromethylphenyl, 3-trifluoromethylphenyi, 4- 
trifluoromethylphenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, and pentafluorophenyl; 
R7 and Rs are independently selected from hydrogen, methyl and phenyl; 

X is SO; and 
25 nis3or4. 

16. The compound of claim 2 wherein . 
RiandRgareOH; 

R2. R4. R5. R& R7. R8» and Ru are hydrogen; 

R3 is selected from hydrogen, 4-amino-1 -butyl, 3-amino-1 -propyl, hydroxymethyl, 2-hydroxy-1 -propyl, 
30 ■. methyl, ethyl, 2-propyl, isobutyl, n-propyl, n-butyl, 2-butyl, methylthioethyi, benzyl, 4- 

hydroxybenzyl, 4-methoxybenzyl, 3-indolylmethyl, 4-imidazolyimethyt, phenyl, carboxymethyl, 

carboxyethyl, cartxxamidomethyl, and carboxamidoelhyl; 
XisO;and , ' V 

nis3or4. 

35 17. The compound of daim 2 wherein 

RiandRgareOH; 

R& fU. R5. R& R7. R8» and R14 are hydrogen; 

R3 is selected from hydrogen, 4-amino-1 -butyl, 3-amho-1 -propyl, hydroxymethyl, 2-hydroxy-1 -propyl, 
methyl, ethyl, 2-propyl, isobutyl, n-propyl, n-butyl, 2-butyl, methylthioethyi, benzyl, 4- 



•p, 
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hydroxybenzyt, 4-melhoxybeicyl, 3-indolyJmelhyI. 4-imidazotyImethyl, phenyl, cartwxymethyl, 
caitooxyethyl, caitoxamktamethyi, and carboxamidoethyi; 
. X is NR13 where R13 is selected from hydros 
and 

5 nis3or4. 

18. The compound of claim 2 wherein 
RiandRgareOH; 

R2. R4.R5.R&R7.R8. and Ru are hydrogen; 
R3 is 4-hydroxybenzyl; 
10 XisS;and 
nts3. 

19- The compound of claim 2 wherein 
RiandR9areOH; 

R2. R4. R5. Rfr R7. R8. and R14 are hydrogen; 
15 R3 is 4-hydroxybenzyl; 

XbSO;and 

■■ nisl ■ ' 

20. The compound of claim 2 wherein 
RiandRgareOH; 

20 R2. R4. R5. Re. R7. R8. and Ru are hydrogen; 

R3 is isopropyf; 
XisS;and 

nisi . ' * ; 

21. The compound of claim 2 wherein 
25 RiandRgareOH; 

R2. R4. R& R6. R7. R8. and R14 are hydrogen; 
R3 is isopropyf; 

• . , X is SO; and ^ 

nisi 

- 30 22. The impound of claim 2 wherein 

RiandRgareOH; 

R2. R4.R5. R6.R7.R8. and Ru are hydrogen; 
R3 is 2-butyl; 

XisS;and 
35 nisi 

23. The compound of daim 2 wherein 
RiandRgareOH; 

- R2, R4, R5. R& R7. R8, and R14 are hydrogen; 
R3 is 2-butyl; 
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X is SO; and 
nisa 



24. The compound of claim 2 wherein 
RiandRgareOH; 

5 R5i R& R7, R8, and R14 are hydrogen; 

R3 and R4 are joined together to form a pyrrolidine ring; 
; XisS;and 
nisa 

25. The compound of claim 2 wherein 
10 . RiandRgareOH; 

R2. R5. R& R7. Re* and Ru are hydrogen; 
R3 and R4 are joined together to form a pyrrolidine ring; 
. :' XisSO;and. . •• ' 

. :■ nisa \ - ' •: ■ : "v > ' ' 

15 26. The compound of claim 2 wherein 
RiandRgareOH; 

R2« R4 t R5» R& and R14 are hydrogen; • v 
R3 is 4-hydroxybenzyl; 
R7 and Rs are methyl; 
20 XisS;and 

nisa :• 

27. The compound of claim 2 wherein 
RiandRgareOH; ^ ^ 
R 2» R4, R& R& and R14 are hydrogen; 

25 R3 is 4-hydroxybenzyl; . 

R7 and Rs are methyl; 
. XisSO;and 

. ■ ' nis3. ■ '■ * ' •*' ' :• v 

28. The compound of dam 2 wherein 
30 RiandRgareOH; 

R2, R4, R5, R& and R14 are hydrogen; 
R3 is isopropyl; 
R7 and Rs are methyl; 
; ■ ■ XisS;and 

T t T 

35 nisa ; 

29. ... The compound of claim 2 wherein 

/.RiandRgareOH; 
R2» R4, R& R& and R14 are hydrogen; • . 
R3 is isopropyl; 



■JT-, 
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R7 and Rs are methyl; 
X is SO; and 
nis3. 

30. The compound of claim 2 wherein 
5 R1 and Rg arc OH; 

R 2. R3, R4, R5. Rfc and Ru are hydrogen; 

R7 and Rs are methyl; 

XbS;and 

nis3. 

10 31. The compomdofclaim 2 wherein 

RiandRgarcOH; 

R2» R3, R4, R& R& and R14 arc hydrogen; 
R7 and Rs are methyl; 

X is SO; and 
15 nis3. 

32. The compound of claim 2 wherein 
Rl is NH2; 

R91SOH; 

R2. R4.R5.R6tR7.R8f and R14 are hydrogen; 
20 R3 is selected from hydrogen, 4-amino-l -butyl, 3-amino-1-propyl, hydroxymethyt, 2-hydroxy-1-propyt, 

methyl, ethyl, 2-propyi, isobutyl, n-propyl, n-butyl, 2-butyi, methylthioethyl, benzyl, 4- 
hydroxybenzyl, 4-methoxybenzyl, 3-indoIyImethyi r 4-imidazojytmettiyI. phenyl, carboxymelhyl, 
carboxyethyl, carboxamldomethyl, artf carboxamfcJoethyl; 
XisS;and 
25 nis3or4. 

33. The compound of daim 2 wherein 
Rl is NH2; " 
R9ISOH; 

R2. R4. R5. R& R7. R8. and R14 are hydrogen; 
30 • R3 is selected from hydrogen, 4-amino-1 -butyl, 3-amfoo-1 -propyl, hydroxymethyl, 2-hydroxy-1 -propyl, 

methyl, ethyl, 2-propyl, isobutyl, n-propyl, n-butyl, 2-butyt, methylthioethyl, benzyl, 4- 
hydroxybenzyl, 4-methoxybenzyl, 3-indolyimethyl, 4-imidazolytmethyl, phenyl, carboxymethyl, 
carboxyethyl, carboxamidomethyt, and carboxamidoethyl; 
XisSO;and 
35 nis3or4. 

34. The compouid of claim 2 wherein 
RiandRgarcOH; 

* * * 

R2, R4. R5. R& R7, R8. and Ru are hydrogen; 
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R3 is selected from hydrogen, 4-amino-1-butyl, 3-amino-1 -propyl, hydroxymethyl, 2-hydroxy-1 -propyl, 
methyl, ethyl, 2-propyl, isobutyi, n-prapyl, n-butyl, 2-butyl, methylthioethyl, benzyl, 4- 
hydroxybenzyl, 4-methoxybenzyl, 3-indolytmethyl, 4-imidazolyimethyl, phenyl, carboxymethyl, 
carboxyeihyl, carboxamidomethyi, and carboxamidoethyt; 
X is (CH2)k where k is 0,1 or 2; and 
n is 3 or 4. 

The compound of claim 2 wherein 
Rl and R9 are OH; 

R2. R4. R& R6t R7. R8. and Ru are hydrogen; 
R3 is 4-hydroxybenzyi; 
XisCH2;and 
nis3. . 

36. The compound of claim 2 wherein 
Rl and Rg are OH; 

15 R2» R4, R5» R6. R7. R8. and Ru are hydrogen; 

R3 is isopropyl; 
XisCH2;and 
• nis3. 

37. The compound of claim 2 wherein 
2D RiandRgareOH; 

R2. R4. R5. R& R7. R8. and R14 are hydrogen; 
R3 is 2-butyl; 

XisCH2;and 
nis& 

25 38. The compound of clam 2 wherein 

RiandRgareOH; 

^2. R5. R& R7i Rs» and R14 are hydrogen; 
R3 and R4 are joined together to form a pyrrolidine ring; 
XisCH2;and 
30 ni$3. 

39. A process for preparing the compound of claim 2 which comprises: 
(a) cycQzing an intermedate of Formula IV 



<- 5 

35. 

10 
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40. 



NHR 



64 



X. 



15 



NH NH 




CO-Polymer Support 



fc 8 



wherein 

Rt-R9,n and m are as defined in claim 2, 

Wis Br, Q, or I, /, ■ ': r l 

R 14 is selected from hydrogen, C1-C6 alkyi, and C6-C12 aryi 

Rl5 is ^J.Sijentamethyichroman-e-siifony!, 

Rt6 is hydrogen, and 

xiss; ■', 

(b) cleaving the desired product from the resin; 

(c) cleaving any protecting groups; and 

( d ) purifying and isolating the more biologicaBy active isomer. 
A process for preparing the compound of claim 2 which comprises: 
(a) .... cyclizing an imermed^ of Formula VI 



15 



20 



NHR 15 

X... 



NH' NH 



CORg 



(CHzJn 



COR, 




wherein 



VI 



R1-R9, n and m are as defined in claim 2, 
Wis Br. CI, or I, 

R14 is selected from hydrogen, C1-C6 aHqd* and C6-C12 aryl 
R15 is 2,2^,73l)entamethylcrir(mian^rffonyl, 
Rl6isH,and--- - - 
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■.. " XisS; % 

(b) deaving any protecting groups; and 

(c) purifying and isolating the more biologically active isomer. 

A pharmaceutical imposition comprising a pharmaceuticafly acceptable excipient and the compound of 
Claim 1. . ' . • ' •• 

A method for inhibiting platelet aggregation which method comprises administering a platelet 
aggregation SnWbifing amount of the campoimd of Claim 1. 

A method for reducing platelet aggregation in a mammal, comprising administering a pharmaceutical^ 
effective amount of the composition of matter as defined by daim 1 to said mammal. 
; The method of claim 43, further comprising administering said composition of matter to said mammal in 
admixture with a pharmaceutical acceptable carrier. 

A method for treating a mammal who has an increased propensity for thrombus formation, comprise 
administering a pharmaceutically effective amount of Ihe composition of matter as defined by claim 1 to 
said mammal 

A composifion of. matter for reducing platelet aggregation in a mammal, comprising the composition of 
matter as defined by claim 1. v 

A composition of matter for treating a mammal who has an increased propensity for thrombus formation, 
comprising the composition of matter as defined by claim 1. 

A composition of matter for inhibiting fibrinogen binding to platelets in a mammal, comprising the 
composition of matter as defined by claim 1 . 

A composition of matter comprising the compositions of claim 1 wherein Rj is Ci-Cfealkoxy which 
includes branched and unsaturated akylgroups. , . 
A composition of matter comprising the compos 
includes branched and unsaturated afkyt groups. 

A composition of matter comprising the compositions of claim 1 wherein R j* and R9 are both C1 -0$ 
afoxyvtochirriudeslxarx^a^ 

A method of treating a mammal who has an increased propensity for thrombus formatton which 
comprises administering to said mammal a therapeutically effective amount of the composition of claim 
51 , 52, or 53 wherein the Ri and Rg alkoxy groups are hydrolyzed foOowing administration to said 
mammal • 

A method for treating a mammal who has an increased propensity for thrombus formation, comprising 
administering a pharmaceuticaQy effective amount of the composition of matter as defined by daim 1 in 
combination with a Bvombolytic agent 

A method for treating a mammal who has an increased propensity for thrombus formation, comprising 
administering a pharmaceutically effective amount of the composition of matter as defined by daim 1 in 
combination with an anticoagulant 

A method for treating a mammal who has an Increased propensity for thrombus formation, comprising 
administering a pharmaceutically effective amount of the composition of matter as defined by daim t 1 
following angioplasty. 
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56. A cyclic peptide containing the tripepfide sequence Aig^ly-AspandaWoeUiernnkageinthecycle. 

57. The cycflc peptide of claim 57 wherein the cycDc pepfide contains 5 amino acids in the cycle. 

58. The cycOcpepfide of daim 57 where&i the cycle contains 17 or 18 atoms in a img. 

59. ' The cydicpepfkfe of claim 58 wherein fte 
5 60. The cycficpeptite of claim 59 whereto to 

Gly-Asp sequence. 

61. The cycOc peptide of daim 57 wherein the sulfur of fte tKc«trw irikage is bonded to at least one 
oxygea 

62. A cycfic pentapepSde cortoning tte 

10 peptide finkage through an amino acid sidechain. 

63. The cyclic peptide of daim 62 wherein the peptide linkage is through Die 6 carboxyl of 2-amho-1 ,6- 
hexanedoicaca. 

64. The cyclic pentapepfide of claim 63 wherein the cycle contains 17or 18 atoms in a ring. 
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